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FOREWORD 
Goodyear Aerospace Corporation (GAC) under a j o i n t l y  
sponsored NASA/Navy Contract  (NAS2-8643) has conducted a two- 
phase   Feas ib i l i ty   S tudy   of  Modem Airships .   References 1 
through 6 summarize t h e  d e t a i l s  of t h e  c o n t r a c t u a l  e f f o r t .  
This document i s  an overview of  the ent i re  s tudy with emphasis  
upon the Phase I1 Study  r e su l t s .  
Ralph Huston w a s  t he  GAC Program Manager of t h e  Feasi- 
b i l i t y  Study. Gerald Faurote was t h e  P r o j e c t  E n g i n e e r  f o r  t h e  
Phase I1 Heavy L i f t  A i r sh ip  inves t iga t ion  and  Jon  Lancaster 
w a s  the  Pro jec t  Engineer  for  the  Airpor t  Feeder  and  Navy 
a p p l i c a t i o n   s t u d i e s  . 
D r .  Mark Ardema, t h e  NASA Project  Monitor ,  provided valu-  
a b l e  t e c h n i c a l  g u i d a n c e  a n d  d i r e c t i o n  t o  t h e  e n t i r e  s t u d y  e f f o r t ,  
as d id  the  LTA P ro jec t  Of f i ce  o f  t he  Naval A i r  Development 
Center. 
The con t rac to r  w i shes  to  acknowledge t h a t  NASA Ames 
Research Center (ARC) provided the use of the  ARC 7 x 10-foot 
Wind Tunnel  Fac i l i ty  for  the  purpose  of an exploratory evalu-  
a t i o n  of the  Phase  I1 Heavy L i f t  A i r s h i p .  
Subcont rac tors  and  o ther  indus t ry  cont r ibu tors  suppor t ing  
the Goodyear Study included: 
Neilsen Engineering and Research, Inc.  
Battelle Columbus Labora tor ies  
P iasecki  Ai rcraf t  Corpora t ion  
Sikorsky Aircraft Corporation 
General Electric Company 
Radio Corporation of America 
Summit Research Corporation 
Northrop Research & Technology Center 
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I 
A f e a s i b i l i t y  s t u d y  of modern a i r sh ips  has  been  comple ted .  In  the  
second half  of  this  s tudy,  summarized here in ,  th ree  promis ing  modern 
a i r sh ip  sys tem concepts  and the i r  a s soc ia t ed  mis s ions  were s tud ied :  (1) 
a heavy- l i f t  a i r sh ip ,  employing  a non-r ig id  hul l  and  a s i g n i f i c a n t  amount 
of  r o t o r  l i f t ,  used for  short-range t ransport  and posi t ioning of heavy 
m i l i t a r y  and c i v i l  p a y l o a d s ;  (2) a VTOL (ver t ica l  t ake-of f  and  landing) ,  
me ta l c l ad ,  pa r t i a l ly  buoyan t  a i r sh ip  u s e d  a s  a short-haul commercial  trans- 
p o r t ;  and (3 )  a class  of  fully-buoyant  airships  used  for  long-endurance 
Navy missions.  The h e a v y - l i f t  a i r s h i p  c o n c e p t  o f f e r s  a s u b s t a n t i a l  i n c r e a s e  
i n  v e r t i c a l  l i f t  c a p a b i l i t y  o v e r  e x i s t i n g  s y s t e m s  and i s  pro jec ted  to  have  
lower t o t a l  o p e r a t i n g  c o s t s  p e r  ton-mile. The VTOL a i r s h i p   t r a n s p o r t  
concept  appears  to  be economically competit ive with other VTOL a i r c r a f t  
concepts   bu t   can   a t ta in   s ign i f icant ly   lower   no ise   l eve ls .  The f u l l y -  
buoyant  a i rship concept  can provide an airborne platform with long endur-  
a n c e  t h a t  s a t i s f i e s  many  Navy mission requirements.  
INTRODUCTION 
I n  t h e  f a l l  of 1974,  Goodyear  Aerospace  Corporation (GAC) was awarded 
one of two i d e n t i c a l  c o n t r a c t s  by NASA A m e s  Research Center to s t u d y  t he  
f e a s i b i l i t y  of  modern a i r sh ips   unde r   ce r t a in   g round   ru l e s .   F igu re  1 
summarizes  the tasks  that  were t o  be  accomplished i n  t h i s  two-phase s tudy.  
A t  the end of the four-month Phase I,  promising concepts were i d e n t i f i e d  
o n  t h e  b a s i s  of competi t ive mission value (The Goodyear  Phase I r e s u l t s  
a r e  d e t a i l e d  i n  R e f e r e n c e  1). 
Phase 11, performed solely by Goodyear ,  focused on the design features  
o f  t he  se l ec t ed  concep t s ,  w i th  lesser a t t en t ion  pa id  to  cos t  and  ope ra -  
t i o n a l  f a c t o r s .  T h i s  summary report   concentrates   on  the resul ts  of  Phase I1 
-1- 
e-- PHASE I &PHASE 11 __* 
r-. _""" ---"--------- 
I NAVl  STUDY 1 I 
I I 
PA,RAHETRIC 
i c VEHICLE 1 TO 3 VEHICLES 
I DEFINIT ION 
I"-!"! "_""_" 
b 
I I A  
I I  
SURVEY 
CONCEPTUAL 
VEHICLE 
DEFl l l lT ION 
I 
PROCEDURES 
;"L"- """" I 
COST CORETlIdG 
C O R E T I  T  IVEN SS MODES 
Figure 1. Feas ib i l i t y   S tudy   o f  Modern Airsh ips  
of   the  s tudy  as   reported  in   References 2 ,  3 ,  4 ,  5 ,  and 6 .  An abbreviated 
summary was g iven  in  Reference  7 .  O f  necess i ty ,  on ly  the  h igh l igh t s  of 
the s tudy are  given herein,  and the reader  i s  r e fe r r ed  to  the  above 
r e f e r e n c e s  f o r  d e t a i l s .  
Whereas  Phase I was l imi t ed  to  c iv i l  app l i ca t ions ,  t he  Phase  I1 
e f f o r t  was broadened to  include missions of  potent ia l  mil i tary worth for  
the  Navy. 
For the NASA portion of Phase 11, two concepts were se l ec t ed  and 
analyzed: (1) a 75-ton-payloadY heavy-l i f t  vehicle  consis t ing of  an aero-  
s t a t  and four  CH-54 h e l i c o p t e r s ,  and (2) an 80-passenger/cargo VTOL 
t ranspor t  approximate ly  the  same l eng th  a s  a Goodyear a d v e r t i s i n g  a i r s h i p  
but with double the envelope volume. 
The  Navy por t ion  of the study focused on the  appl ica t ion  of f u l l y -  
buoyant  airships  to  long-endurance Navy missions.  A s  contrasted  with  the 
NASA por t ion  of Phase 11, the  Navy s tudy included parametr ic  analysis  and 
exc luded  cos t  compet i t ive  ana lys i s .  
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PHASE I OVERVIEW 
Before discussing the Phase I1 resu l t s ,  Phase  I w i l l  be b r i e f l y  summa- 
r i z e d .  A s  mentioned  previously,  Phase I r e s u l t s  a r e  d e t a i l e d  i n  R e f e r e n c e  
1; a more complete summary, including both Phase I s t u d i e s ,  may be  found 
i n  Reference 8. Figure 2 depic t s  the  evolu t ion  of  Phase  I of the Feasi-  
b i l i t y  S t u d y  and t h e  i n t e r a c t i o n s  among the four  major  tasks .  
The f i r s t  t a s k  was to  conduct  a b r i e f  h i s to r i ca l  ove rv iew of t h e  a i r -  
ship vehicles  and operat ions.  Included were summaries  of  major  missions, 
markets,  vehicle performance and t e c h n i c a l  f e a t u r e s ,  a c q u i s i t i o n  and 
opera t ing  cos ts ,  opera t ing  procedures ,  o ther  sys tem e lements ,  and  key sub- 
s y s t e m  c h a r a c t e r i s t i c s .  The goa l  was n o t  t o  o b t a i n  a comprehensive  catalog 
of da t a  on  pas t  a i r sh ips  bu t  t o  concen t r a t e  on  da ta  r e l evan t  fo r  modern 
a i r sh ip  des igns .  A l so ,  pa r t  of t h i s  t a s k  was a comparison  between  the 
t echn ica l  and  economic s t a t e s  o f  t h e  a r t  i n  1930  and  1974 for  the  purpose  
of assessing  the  impact  of modern technology. An example of t he  in fo r -  
mation developed i n  Task 1 i s  shown i n  F i g u r e  3 ,  which depicts  the type of  
improvement  on s t r u c t u r a l  e f f i c i e n c i e s  t h a t  new ma te r i a l s  and propuls ion 
technology can provide. 
I n  Task 2 ,  a survey was conducted  to  ident i fy  poten t ia l  miss ions  for  
a i r s h i p  a p p l i c a t i o n s .  Emphasis was on c i v i l  t r a n s p o r t a t i o n  m i s s i o n s  
a l though o ther  types  of missions  were  also  considered.  Included were 
unique LTA app l i ca t ions  a s  we l l  a s  conven t iona l  mi s s ions  cu r ren t ly  per- 
formed by o t h e r  t r a n s p o r t a t i o n  modes. Because  the  operat ing  character-  
i s t ics  and economics of most of t h e  p o t e n t i a l  modern a i r sh ip  concepts  had 
not  been  es tab l i shed  and because of the broad scope of the study, the 
mis s ion  ana lys i s  was n e c e s s a r i l y  of a p r imar i ly  qua l i t a t ive  na tu re .  
The veh ic l e  pa rame t r i c  ana lys i s  was regarded  as  the  most important 
t a s k  i n  P h a s e  I o f  t he  Feas ib i l i t y  S tudy .  In  th i s  t h i rd  t a sk ,  t he  en t i r e  
spectrum of  a i rship concepts ,  encompassing both convent ional  a i rships  and 
hybr ids ,  w a s  examined.  Emphasis was p laced   on   convent iona l ,   e l l ipso ida l -  
shaped  concepts  and a modif ied del ta  planform l i f t ing-body hybrid.  Vehicles  
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w i t h  g r o s s  l i f t i n g  c a p a b i l i t i e s  r a n g i n g  from 3000 l b s  t o  6,000',000 l b s  
were  invest igated.  The paramet r ic   s tud ies   inc luded   the   e f fec ts   o f  i m -  
por tant  design factors  such as  vehicle  geometry,  ra t io  of  buoyant  l i f t -  
t o - t o t a l  l i f t ,  and cruise  speed.  Since  the  emphasis  of  Phase I was on 
t r anspor t a t ion  mis s ions ,  t he  p r inc ipa l  f i gu res  of merit were p roduc t iv i ty ,  
def ined  as  e i ther  payload  or  usefu l  load  times cru ise  speed ,  and s p e c i f i c  
p roduc t iv i ty ,   de f ined   a s   p roduc t iv i ty   d iv ided  by  empty weight.   (Since 
t h e  h e a v y - l i f t  a i r s h i p  c o n c e p t  i s  not  meant for  product iv i ty  miss ions ,  
i t  was t r ea t ed  sepa ra t e ly . )  
A key part  of Task 3 was the development and use of a veh ic l e  
synthesis  ( integrated  conceptual  design)  computer  program. The program 
i s  ca l l ed  the  Goodyear Airship Synthesis Program (GASP) and Figure 4 
shows i t s  func t iona l   capab i l i t y .   Th i s  program  computes  mission  perform- 
ance  fo r  a spec i f ied  vehic le  concept ,  shape ,  and mis s ion  de f in i t i on  and 
can be used to  conduct  paramet r ic  s tud ies  of  a wide var ie ty  of  both con-  
ven t iona l  and hybrid airships .  Although many of the  subprograms i n  GASP 
were de r ived  f rom a i r sh ip  ana lys i s  capab i l i t y  wh ich  has  evo lved  ove r  many 
yea r s ,  a s i g n i f i c a n t  amount  of e f f o r t  was requi red  to  deve lop  weight  
e s t ima t ing  r e l a t ionsh ips  fo r  hybr id  a i r sh ips  s ince  these  r ep resen t  a new 
c l a s s  o f  veh ic l e .  
As an example of the parametric resul ts  which were obtained for con- 
v e n t i o n a l  a i r s h i p s ,  e f f e c t s  of type of construction and s i z e  a r e  shown i n  
Figure 5. The dashed   l i nes   fo r   t he   non- r ig id   concep t s   a t   t he   h ighe r   g ros s  
weights  ind ica te  a requirement  for  improved  seaming  technology i n  t h i s  
reg ion .   This   f igure  shows tha t   non-r ig ids   t end   to   be   favored   for   smal l  
s izes ,  meta lc lads  for  mid-s izes ,  and r i g i d s  f o r  l a r g e  s i z e s  b u t  t h a t  t h e r e  
i s  gene ra l ly  no t  a g rea t  dea l  o f  d i f f e rence  between  the  concepts.  In 
f a c t ,  a l l  c o n c e p t s  had a s t ruc tu ra l  we igh t - to -g ross -we igh t  r a t io  of about 
0.4 over- a wide  range  of  gross  weights.  Figure 5 a l s o  shows t h a t  i f  
Kevlar i s  developed as  an envelope mater ia l  for a non-r igid,  then the non- 
r i g i d  i s  the  supe r io r  concep t  fo r  a lmos t  a l l  s i ze s .  
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A f t e r  a prel iminary screening,  one hybrid concept  was s e l e c t e d  f o r  
paramet r ic  eva lua t ion  for  product iv i ty  miss ions .  This  was a l i f t i n g  body 
shape  which  had a pa rabo l i c  p l an fo rm wi th  e l l i p t i ca l  c ros s  sec t ions ;  i t  
was chosen because of  s t ructural  weight  considerat ions and the proximity 
of  the  centers  of  buoyancy  and pressure. The parametr ic   analysis   focused 
on  de termining  the  va lues  of  aspec t  ra t io ,  th ickness- to-chord  ra t io ,  and 
cruise speed which maximized p roduc t iv i ty  a t  va r ious  va lues  o f  g ross  we igh t  
(GW), b u o y a n t - t o - t o t a l   l i f t   r a t i o  (B), and  range (R).  The r e s u l t s  showed 
t h a t  a t  a l m o s t  a l l  v a l u e s  o f  GW and R ,  t he  bes t  p roduc t iv i ty  was obtained 
a s  8 tended to  zero,  i . e . ,  a veh ic l e  w i th  no buoyant l i f t  (an  a i rp lane)  i s  
optimum. The l i f t i n g  body hybrid  concept was compared with  the  conven- 
t i o n a l  r i g i d  a i r s h i p  a t  v a r i o u s  v a l u e s  o f  GW, 8 ,  and R.  Except for very 
la rge  va lues  of  GW, t he  conven t iona l  r i g id  cons i s t en t ly  had a higher  pro-  
d u c t i v i t y  t h a n  t h e  h y b r i d .  
The f i n a l  t a s k  i n  P h a s e  I was to  se l ec t  p romis ing  veh ic l e /mis s ion  
combina t ions   for   fur ther   s tudy   in   Phase  11. Based  on r e s u l t s  from  the 
o the r  t a sks ,  t he  heavy- l i f t  and VTOL t ranspor t  concepts  appeared  to  be 
the  most promising and were selected, with NASA approva l ,  fo r  more d e t a i l e d  
s tudy  in  Phase  11. 
HEAVY LIFT AIRSHIP STUDY RESULTS' 
Summary 
A ma jo r  de f i c i ency  in  cu r ren t  a i r  t r anspor t a t ion .  sys t ems  i s  t h e  s h o r t  
haul of heavy and very heavy outsized cargo and this was iden t i f i ed  du r ing  
Goodyear's Phase I Study as  a miss ion  uniquely  su i ted  to  modern a i r s h i p  
v e h i c l e s .  The mi l i t a ry  need  fo r  a heavy v e r t i c a l  l i f t  c a p a b i l i t y  i s  w e l l  
documented  and the   c iv i l   need ,   wh i l e   equa l ly   appa ren t ,  i s  in   t he   p rocess  
of being more completely character ized and  documented i n  a forthcoming 
NASA Study. The pr imary  mil i tary  requirement  i s  the   o f f - loading  of  cargo 
2 
3 
1 
References 2 ,  3 ,  and 4 provide  comprehens ive  resu l t s  re la t ive  to  the  
Phase I1 Heavy L i f t  A i r sh ip  S tudy  
Navy Operational Requirement N u d e r  W1019-SL 
Prsmarily Containerized Cargo 
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1111 I 
f rom sh ips  in  a reas  lack ing  deep  water p o r t  f a c i l i t i e s  w h i l e  t h e  c i v i l  
needs are  c e n t e r e d  i n  t h e  power genera t ing ,  pe t ro leum,  cons t ruc t ion ,  
logging, and  heavy  equipment indus t r ies .   There   a l so   appears   to   be  a 
cons ide rab le  fo re ign  c iv i l  marke t  i n  the  o f f - load ing  o f  ca rgo  f rom sh ips  
in  developing nat ions lacking deep water  ports .  Current ly ,  mil i tary air-  
borne heavy l i f t  s cena r ios  cons ide r  aggrega te  loads  r equ i r ing  pay load  
c a p a c i t i e s  up  t o  140  tons  wh i l e  po ten t i a l  c iv i l  app l i ca t ions  cou ld  invo lve  
several   hundred  tons.  Range requirements  vary  from a few  hundred  yards 
i n  some cons t ruc t ion  indus t ry  app l i ca t ions  wi th  a range  capabi l i ty  of  
several  hundred miles o f  i n t e r e s t  i n  t h e  movement of mining equipment t o  
remote si tes.  
Various heavy l i f t  concepts combining buoyant and rotor l i f t  have 
been  proposed in  recent  years  for  per forming  the  emerging  heavy l i f t  
shor t  haul  miss ions .  The  Heavy L i f t  A i r s h i p  (HLA) evaluated  during 
Phase I1 i s  a concep t  f i r s t  p roposed  by Piasecki  Ai rcraf t  Corpora t ion  
(Reference 9) which  combines  buoyant l i f t  d e r i v e d  from a convent ional  
h e l i u m - f i l l e d  a i r s h i p  h u l l  w i t h  p r o p u l s i v e  l i f t  d e r i v e d  from conventional 
h e l i c o p t e r  r o t o r s .  The buoyant l i f t  e s s e n t i a l l y  o f f s e t s  t h e  empty  weight 
of t he  veh ic l e ;  t hus  the  ro to r  t h rus t  i s  a v a i l a b l e  f o r  l i f t i n g  t h e  u s e f u l  
load and t o  maneuver  and con t ro l  t he  veh ic l e .  The a b i l i t y  t o  o f f  s e t  the  
e n t i r e  empty weight  of  the vehicle  with buoyancy p e r m i t s  a quantum in-  
c r e a s e  i n  c u r r e n t  and p r o j e c t e d  h e l i c o p t e r  l i f t i n g  c a p a b i l i t i e s  p l u s  
p o t e n t i a l l y  a s u b s t a n t i a l  r e d u c t i o n  i n  c u r r e n t  v e r t i c a l  l i f t  c o s t s .  
The c o n c e p t  a l s o  e l i m i n a t e s  t h e  s i g n i f i c a n t  h i s t o r i c a l  a i r s h i p  
de f i c i ency  o f   i n t e rchang ing   ba l l a s t  and  payload.  In  addition,  the con- 
cep t  p romises  to  s ign i f i can t ly  improve the  low speed control  and hovering 
qua l i t i e s  o f  p r io r  a i r sh ips  wh i l e  a l so  l ead ing  to  improved  ground handl ing 
c h a r a c t e r i s t i c s .  The classical   helicopter  problems  of  high  fuel  consumption 
and a i r f r ame  we igh t  a r e  imp l i c i t l y  minimized in  the  concep t .  Fu r the r ,  
s i g n i f i c a n t l y  improved ma in ta inab i l i t y  and r e l i a b i l i t y  c h a r a c t e r i s t i c s  
appear  to  be ava i l ab le  i f  ded ica t ed  p ropu l s ion  sys t ems  ( ro to r / tu rb ine /  
transmission modules) are developed, making the  use of e x i s t i n g  h e l i c o p t e r s  
unnecessary. The HLA concept i s  r e l a t i v e l y  immune t o  s c a l e  e f f e c t s  and 
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prior  analyses  (References 1 and 10) have shown that  payloads up t o  s e v e r a l  
hundred tons can be transported several hundred miles. 
The s p e c i f i c  HLA conf igu ra t ion  s tud ied  in  Phase  I1 combines four  CH- 
54B h e l i c o p t e r s ,  by means o f  an  in t e rconnec t ing  s t ruc tu re ,  t o  a two and  one- 
ha l f  mi l l i on  cub ic  foo t  non- r ig id  a i r sh ip  hu l l  f ab r i ca t ed  o f  p re sen t -day  
proven a i r sh ip  ma te r i a l s  (F igu re  6 ) .  This  HLA has a payload  capacity  of 
Figure 6 .  Phase 11 Heavy Li f t   Ai rsh ip   Concept  1 
68,040 Kg (75 tons) and a non-refueled range of 1.852 x lo5 m (100 nauti-  
cal   miles) .   Without   the  buoyancy,   the  col lect ive  payload  capabi l i ty   of  
t h e  f o u r  h e l i c o p t e r s  a t  t h e  same range would  be  on the  o rde r  of  50%  of 
t h a t  of t he  HLA. Figure 7 i l l u s t r a t e s  t h e  many mili tary  payloads  which 
can  be  l i f t ed  by the  HLA bu t  which cannot be l i f t e d  by e x i s t i n g  h e l i -  
cop te r s .  
The HLA i s  c o n t r o l l e d  f r o m  t h e  a f t  l e f t  h e l i c o p t e r  by a command 
p i l o t   u s i n g  Fly-By-Wire (FBW) techniques .   Automat ic   f l igh t   cont ro l  and 
- . . 
1 The range  capabi l i ty  of  an  opera t iona l  HTA conf igura t ion  us ing  dedica ted  
propuls ion  sys tems re f lec t ive  of current  technology w i l l  be s u b s t a n t i a l l y  
greater  than the Phase I1 configurat ion (Reference 10). 
-9-  
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hover modes, with the hover capabili ty enhanced by a P rec i s ion  Hover 
Sensor (PHS),  would  be provided  in  addi t ion  to  the  manual f l i g h t  modes. 
The Automatic Flight Control System (AFCS), PHS and FBW e l e c t r o n i c s  
r equ i r ed  fo r  t he  HLA involve  pr inc ip les ,  t echniques ,  and  hardware  develop- 
ed and demonstrated during the U. S.  Army Heavy L i f t  H e l i c o p t e r  Program 
and a NASA-Langley Program during which Sikorsky Aircraft modified a CH- 
54B h e l i c o p t e r  t o  o b t a i n  a FBW c a p a b i l i t y .  
The conf igura t ion  inves t iga ted  dur ing  Phase  I1 r e t a i n s  t h e  e n t i r e  
he l i cop te r  w i th  a minimum of modification because of the economy involved 
i n  u s i n g  e x i s t i n g  h a r d w a r e  a s s e t s  f o r  a n  i n i t i a l  f l i g h t  r e s e a r c h  v e h i c l e .  
A s i g n i f i c a n t  b e n e f i t  of the coming NASA Study of  the  c iv i l  heavy  l i f t  
market w i l l  be a marke t  s i ze  de f in i t i on  such  tha t  a determinat ion can be 
made as  to  whether  a s u f f i c i e n t  q u a n t i t y  of  heavy l i f t  v e h i c l e s  i s  needed 
over which the development costs of a dedicated propulsion system can be 
cos t  e f fec t ive ly  amor t ized .  This  dedica ted  propuls ion  sys tem would  be 
used on the operat ional  vers ion of  the HLA a long  wi th  a c e n t r a l  c o n t r o l  
c a r  f o r  t h e  f l i g h t  crew. 
The major areas of investigation during the Phase I1 HLA Study in- 
cluded: (1) a point  design  analysis  (aerodynamics,   f l ight  dynamics,   con- 
t r o l s ,  s t r u c t u r e s ,  and weights ) ;  (2)  an economic a n a l y s i s ;  (3)  an  oper- 
a t i o n a l  a n a l y s i s ;  and ( 4 )  a technology  assessment  analysis.  
A corporately funded powered  wind tunnel  model of the HLA was evalu-  
a ted during Phase I1 i n  t h e  NASA A m e s  7 x 10-foot wind t u n n e l  f a c i l i t y .  
The r e s u l t s  of these tests ind ica te  the  aerodynamic  feas ib i l i ty  of  com- 
b i n i n g  l a r g e  r o t o r s  i n  c l o s e  p r o x i m i t y  t o  a large  hul l .   These tests have 
a l s o  shown tha t  t he  c ros s -wind  s t a t ion  keep ing  capab i l i t y  o f  t he  veh ic l e  
can be  improved  by modif icat ions,  such as  changing rotor  locat ions,  to  
t h e  c u r r e n t  HLA conf igu ra t ion .  
A s  an  add i t iona l  a r ea  of: corpora te  suppor t ,  a S i x  Degree-of-Freedom 
( 6  DOF) hybrid computer fl ight dynamics simulation was developed to 
a s s e s s  t h e  f l i g h t  dynamics  and precis ion hover  mode accuracy of the HLA 
-11- 
. .  . .  ... 
and to  a s s i s t  i n  t he  syn thes i s  o f  t he  f ly -by-wi re  con t ro l  l aws  and  au to -  
pi lot   system.  Based upon t h e  wind tunnel   and  f l ight   dynamics  s imulat ion 
e f f o r t s  i t  appears  tha t  the  HLA h a s  s u f f i c i e n t  c o n t r o l l a b i l i t y  t o  p e r f o r m  
t h e  m i l i t a r y  and c iv i l  mi s s ions  fo r  wh ich  i t  i s  being considered over  an 
acceptable  range of  a tmospheric  condi t ions.  
During  Phase 11, va r ious  s t ruc tu ra l  a r r angemen t s  and m a t e r i a l  t r a d e  
s t u d i e s  were performed in  o rde r  t o  min imize  s t ruc tu ra l  we igh t ,  wh i l e  
main ta in ing   acceptab le   acquis i t ion   cos ts .  A r easonab ly   de t a i l ed   po in t  
d e s i g n  a n a l y s i s  was per formed on  the  a r rangement  f ina l ly  se lec ted  and  as  
a r e s u l t  t h e  empty weight  es t imates  for  the  vehic le  a re  be l ieved  to  be  
reasonably accurate .  
The Phase I1 economic  ana lys i s  ind ica tes  the  Tota l  Opera t ing  Cos ts  
(TOC) of  the HLA on a payload ton-mile  basis  to  be substant ia l ly  reduced 
o v e r  c u r r e n t  l a r g e  h e l i c o p t e r  v e r t i c a l  l i f t  c o s t s  b a s i c a l l y  due t o  t h e  
economic  leverage  afforded by the  buoyant   l i f t .   Given  proper   technology 
programs i n  t h e  a r e a s  o f  low maintenance rotor  concepts  and the inclusion 
of  cur ren t  tu rb ine  technology,  the  TOC f o r  t h e  HLA should  be more favor-  
ab le  than  es t imated  here in .  
The technology  assessment  of  the HLA i n d i c a t e s  t h a t  t h e r e  a p p e a r s  t o  
be  no  major  unresolvable  technology  problems  and  thus  the  concept i s  
b a s i c a l l y   f e a s i b l e .  However, a d d i t i o n a l   d a t a  and a n a l y s i s   c a p a b i l i t y  i s  
needed i n  s e v e r a l  t e c h n i c a l  a r e a s  b e f o r e  a n  o p e r a t i o n a l  HLA could be 
designed with low r i s k  and  h igh  ef f ic iency .  As par t  o f  Phase  11, a 
technology development program to  supply  th i s  in format ion  has  been  out -  
l i n e d .  
A l o g i c a l  s tep towards development  of  an operat ional  vehicle  i s  a 
f l i g h t   r e s e a r c h   v e h i c l e  (FRV) program. This would g i v e   r e s e a r c h   c a p a b i l i t i e s  
no t  ob ta inab le  in  g round  based  f ac i l i t i e s  and would s e r v e  t o  v e r i f y  f e a s i -  
b i l i t y  of  the  concept. The FRV would make  maximum u s e  o f  e x i s t i n g  com- 
ponents to minimize program costs. 
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Descr ip t ion  of HLA and Related Performance 
Figure 8 presents the Phase I1 HLA general  arrangement and s e l e c t e d  
per formance   charac te r i s t ics   o f   in te res t .  The design  gross  weight’ i s  
147,365 kg (324,950  lbs)  of  which 65,375 kg (144,150 l b s )  is  buoyant l i f t  
and  81,993 kg (180,800 lbs) i s  r o t o r  l ift.  The four   he l icopters   a re   cap-  
ab le  o f  p rov id ing  th i s  amount  of l i f t  w i t h  one engine out and adequate 
r e s e r v e  f o r  a 30.48 m/min (100 f t /min)   c l imb.   There  are  on the   o rder   o f  
f i f t e e n  a i r s h i p  h a n g a r s  r e m a i n i n g  i n  t h i s  c o u n t r y  t h a t  c a n  accommodate two 
such  vehic les .  
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Figure  8.  Phase I1 General  Arrangement and Se lec ted  
Performance Character is t ics  2 
A t  sea  leve l ,  s tandard  day ,  93% i n f l a t i o n .  
The range  capabi l i ty  of  an  opera t iona l  HTA conf igura t ion  us ing  dedica ted  
propuls ion systems ref lect ive of  current  technology w i l l  be s u b s t a n t i a l l y  
grea te r  than  the  Phase  I1 configurat ion (Reference IO). 
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The buoyan t  po r t ion  o f  t he  l i f t  i s  obtained from a two and one-half 
mi l l ion  cubic  foot  non-r ig id  hul l  fabr ica ted  f rom present  day  proven  a i r -  
s h i p  f ab r i c s .   Bas i c   f ab r i c  and  seam s t r e n g t h s  r e q u i r e d  a r e  o n l y  s l i g h t l y  
g rea t e r  t han  the  maximum of  the  l a rges t  non- r ig id  eve r  bu i l t ,  t he  ZPG-3W 
b u i l t  by Goodyear f o r  t h e  U. S. Navy i n  t h e  l a t e  1 9 5 0 ' s .  The l i f t i n g  g a s  
i s  helium. 
The tw in -eng ine  he l i cop te r s  a re  a t t ached  to  the  buoyan t  hu l l  by means 
of  the  in te rconnec t ing  s t ruc ture  much of which i s  "submerged" wi th in  the  
envelope  to  reduce  aerodynamic  drag and ove ra l l  veh ic l e  he igh t .  The four  
Sikorsky CH-54B h e l i c o p t e r s  have been adapted to the interconnecting 
s t r u c t u r e  by means of a gimbal  device.  The t a i l  r o t o r s  o f  t h e  a f t  h e l i -  
cop te r s  a re  r ep laced  wi th  p rope l l e r s  and r eo r i en ted  to  p rov ide  su f f i c i en t  
p ropu l s ive  fo rce  fo r  fo rward  f l i gh t  and d i r e c t i o n a l  c o n t r o l  a t  o r  n e a r  
minimum gross   weight .  The t a i l   r o to r s   o f   t he   fo rward   he l i cop te r s   a r e  un- 
a l t e r e d  and  used to  provide  s ide  force  for  increas ing  the  c ross -wind  
s t a t i o n  k e e p i n g  a b i l i t y .  
The FBW control system combines the normal pilot  control modes with 
the  needed  automatic   f l ight   control  and hover modes. The cont ro l   sys tem 
technology i s  s imi l a r  t o  tha t  demons t r a t ed  in  the  Heavy L i f t  Hel icopter  
Program during which a prototype FBW c o n t r o l  sys t em was successful ly  f lown 
on the tandem r o t o r  CH-47 he l i cop te r  w i th  ove r  300 hours  of  f l ight  t ime 
accumulated . 
The Phase I1 configurat ion permits  center  point  mooring to  be considered 
which  minimizes  mooring  area and  mooring  mast  requirements.  Additional 
wind tunnel  da ta  a re  requi red  to  p e r m i t  a f inal  assessment  as  to  whether  
the concept can accommodate a l l  mooring requirements  of  operat ional  inter-  
e s t .  
Design Analysis 
Aerodynamics 
One factor leading to Goodyear 's  Phase I recommendation  of t h i s  HLA 
concept was the judgment that i t  possessed far fewer aerodynamic uncertainties 
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than  the  other  heavy l i f t  concepts  combining  buoyant and r o t o r  l i f t .  One 
u n c e r t a i n t y  t h a t  e x i s t e d  was the  ex ten t  of aerodynamic interference between 
the   l a rge   ro to r s  and  the  large  hul l .  A s  a r e su l t  of t h i s   u n c e r t a i n t y ,  a 
j o i n t  Goodyear/NASA sponsored exploratory wind tunnel  inves t iga t ion  of the 
concept was unde r t aken  in  the  NASA  mes 7 x 10-foot wind t u n n e l  f a c i l i t y .  
The mode 1, shown i n  F i g u r e  9 , i s  1.22 m (4  f t) long and 0.41 m (16 
inches)   in   d iameter .   Rotor   loca t ion ,   th rus t   magni tude  and i n c l i n a t i o n  ( i n  
r o l l )  a l o n g  w i t h  t h e  model angle  of s i d e s l i p  and he igh t  above the ground 
plane  can be va r i ed .  The  model employs six component ba l ances   i n   each  
o u t r i g g e r  and a six-component main ba l ance  in  the  model h u l l .  
F igure  9. Powered Model i n  ARC 7 x 10-Foot Wind Tunnel 
F a c i l i t y  i n  P r e s e n c e  of Ground Plane 
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The fo l lowing  represent  the  most s ign i f i can t  conc lus ions  f rom the  
wind tunnel   t es t ing :   (1)  no a p p r e c i a b l e  i n t e r f e r e n c e  e f f e c t s  i n  f o r w a r d  
f l i g h t  were observed; ( 2 )  no apprec i ab le  in t e r f e rence  e f f ec t s  were  
obse rved  fo r  ang le s  o f  s ides l ip  l e s s  t han  60 degrees  (a t  zero  degrees  
ang le  o f  a t t ack ) ;  (3 )  ro to r - ro to r  i n t e r f e rence  was n e g l i g i b l e  and the 
e f f e c t  o f  t h e  h u l l  on t h e  r o t o r s  was smal l ;  and ( 4 )  a cons iderable  in-  
c r e a s e  i n  c r o s s f l o w  d r a g  of  the  hul l  occurs  as  a r e s u l t  of t he  ope ra t ion  
of a l l  f o u r  m o t o r s .  T h i s  l a s t  a d v e r s e  i n t e r f e r e n c e  e f f e c t  i s  a s t r o n g  
func t ion  of ro to r  p l acemen t  wi th  the  e f f ec t  dec reas ing  a s  the  ro to r s  
a r e  moved outboard.   Fore and a f t  d i s p l a c e m e n t  o f  t h e  r o t o r s  r e s u l t e d  i n  
no apprec i ab le   change   i n   t he   obse rved   i n t e r f e rence   e f f ec t s .  The t e s t  
r e s u l t s  a l s o  i n d i c a t e  t h a t  i n  a crossf low the modif icat ion of  the f low 
f i e l d  around the hul l  by the  opera t ion  of t h e  r o t o r s  may be a usable  
phenomenon i n   c o n t r o l l i n g   t h e   v e h i c l e .  More t e s t i n g ,  however, i s  necessary 
to  conf i rm th is .  
Reference 5 provides a comprehensive summary of t h e  model  and i n -  
s t r u m e n t a t i o n  c h a r a c t e r i s t i c s  and t e s t  program r e s u l t s .  
F l i g h t  Dynamics 
A prel iminary 6 DOF simulation has been developed using the Goodyear 
hybr id  compute r  f ac i l i t y  t o  a s ses s  the  f l i gh t  dynamics c h a r a c t e r i s t i c s  o f  
t he  HLA. S p e c i f i c  u s e s  of   the  s imulat ion  include:   (1)   synthesis   of   over-  
a l l  c o n t r o l  s y s t e m  r e q u i r e m e n t s ;  ( 2 )  syn thes i s  of the  f ly-by-wire   control  
laws and a u t o p i l o t  c h a r a c t e r i s t i c s ;  and ( 3 )  v e r i f i c a t i o n  t h a t  t h e  c o n t r o l  
laws developed for  interface with the AFCS and PHS modes are  compatible  
wi th  manual modes. 
The e lements  involved  in  the  s imula t ion  and t h e i r  r e s p e c t i v e  l o c a t i o n  
in   t he   hybr id   s e tup   a r e   a s   fo l lows .  The HLA gus t  model, con t ro l  laws  and 
a u t o p i l o t s  a r e  programmed on the 'EA1 7800 analog  computer. The analog 
computer i s  l inked, through an EA1 8831 hybrid interface system to a Xerox 
Sigma 9 d i g i t a l  computer which contains the equations of mot ion ,  a i r sh ip  
and helicopter non-linear aerodynamics,  and the  c ross  wind hove r  in t e r -  
ference model developed  from t h e  wind t u n n e l  t e s t  resul ts .  Although  the 
s imulat ion has  proved useful  in  i t s  present form, many of i t s  elements 
w i l l  have t o  be  improved and expanded f o r  u s e  i n  more d e t a i l e d  d e s i g n  
s t u d i e s  . 
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In Phase I1 the HLA s imula t ion  was "f lown" with autopi lot  control  
i n  t h e  c r u i s e  and  hover modes. I n  a d d i t i o n ,  t h e  HLA simulation  can  be 
flown  manually by s t ick   inputs   to   the   ana log   computer .  The s imula t ion  
o p e r a t e s  i n  r e a l  time  to@rovide r e a l i s t i c  f l i g h t  r e s p o n s e s  f o r  f l i g h t  
i npu t s .  A l l  r esu l t s  a re  d isp layed  as  an  output  of the  analog  computer 
on  an  osc i l lograph  or  on a cathode ray tube.  
A prel iminary assessment  of the  prec is ion  hover  and d i r e c t i o n a l  
s t a b i l i t y  c h a r a c t e r i s t i c s  of the  HLA were ob ta ined  us ing  the  f l i gh t  
dynamics  s imulat ion.   Figure  10  presents   typical   s imulat ion resul ts  
ind ica t ing  the  veh ic l e  r e sponse  to  a l a t e r a l  g u s t .  
2 1. 
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Figure  10.  Phase I1 HLA Response t o  L a t e r a l  G u s t  
The s imula t ion  s tud ie s  to -da te  ind ica t e  tha t  t he  hove r  and d i r e c t i o n -  
a l  s t a b i l i t y  c h a r a c t e r i s t i c s  of the  HLA a re  adequa te  fo r  ope ra t ions  ove r  a 
s i g n i f i c a n t  r a n g e  of expected atmospheric conditions.  
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Fl igh t  Con t ro l  System 
The p r e l i m i n a r y  f l i g h t  dynamics simulation studies have shown t h a t . t h e  
ava i l ab le  ro to r  fo rces  can  be appropr i a t e ly  combined t o  c o n t r o l  t h e  v e h i c l e  
i n  b o t h  f l i g h t  and  hover modes. This  act ive control  system approach 
e l imina te s  a s eve re  de f i c i ency  o f  pas t  a i r sh ips  ( i .e. ,  lack of low speed 
con t ro l )  s ince  a i r speed  i s  no t  r equ i r ed  fo r  ths@2HLA to  deve lop  maximum 
c o n t r o l  f o r c e s .  A s  s t a t e d  e a r l i e r ,  t h e  H U  cont ro l  sys tem would use FBW 
control  system techniques and  hardware s imi la r  to  those  deve loped  and 
f l i g h t  t e s t e d  on a tandem r o t o r  CH-47 h e l i c o p t e r  program during the HLH 
program.  Automatic modes are  provided  including  automatic  hover  employing 
a precis ion hover  sensor .  
The HLA i s  f lown  us ing   s tandard   he l icopter   cont ro ls .  The a f t  l e f t  
h e l i c o p t e r  s e r v e s  a s  t h e  command s t a t i o n  i n  which a command and s a f e t y  
p i l o t   a r e   l o c a t e d .  The command p i lo t ' s   convent iona l   mechanica l   cont ro ls  
a r e  r e p l a c e d  w i t h  e l e c t r i c  c y c l i c  and c o l l e c t i v e  s t i c k s  a s  w e l l  a s  
e l e c t r i c  p e d a l s  which generate the commands to  the analog FBW f l i g h t  
control   system. The r ema in ing   he l i cop te r s   a r e   s l aved   t o   t he  command h e l i -  
copter through the FBW commands a s  i nd ica t ed  in  the  s impl i f i ed  b lock  d i a -  
gram  of  Figure 11. Sa fe ty  p i lo t s  cou ld  be  used i n  t h e  s l a v e  h e l i c o p t e r s  
w i th  the  conven t iona l  mechan ica l  he l i cop te r  con t ro l s  ava i l ab le  i f  needed .  
The HLA f ly-by-wire  pr imary  f l igh t  cont ro l  sys tem i s  a dual  redundant  
system  from  the command p i l o t ' s  commands t o  t h e  i n p u t  commands to  each  
h e l i c o p t e r   a u t o p i l o t .  The h e l i c o p t e r   a u t o p i l o t ,   a l s o  a dual  redundant 
e l e c t r o n i c  s y s t e m ,  f l i e s  t h e  h e l i c o p t e r  on the gimbal  through the electro-  
mechanica 1 AFCS servo.  
Implementation of the control laws in  dua l  pa ths  for  redundancy  i s  
cons i s t en t  w i th  the  CH-54B  AFCS concept which has a r e d u n d a n t  e l e c t r i c a l  
channe l  such  tha t  e i the r  o r  bo th  can  be  used. The HLA therefore  has  
t h r e e  modes o f   ope ra t ion   fo r   s a fe ty -o f - f l i gh t :  (1) ac t ive   pa th   f ly -by-  
wire; (2)  redundant  path  f ly-by-wire;  and (3)  a s a f e t y  p i l o t  u s i n g  a 
manual f l i g h t  c o n t r o l  system.9: 
* 
It i s  env i s ioned  tha t  an  ope ra t iona l  conf igu ra t ion  would use  a c e n t r a l  
c o n t r o l  c a r  much l i k e  p r i o r  a i r s h i p s  t h u s  s a f e t y  p i l o t s  would not  be 
required and a t r ip l e  r edundan t  sys t em similar t o  t h e  HLH would  be 
implemented. 
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Figure  11. HLA Fly-By-Wire Control  System  Block  Diagram 
The CH-54B h e l i c o p t e r  i s  idea l ly  su i ted  to  convers ion  to  f ly-by-  
wire c o n t r o l  w i t h  s a f e t y  p i l o t  o v e r r i d e  b e c a u s e  o f  t h e  AFCS servo .   In  
f a c t ,  a s imilar  conversion has  been achieved by Sikorsky  for  NASA 
Lang ley   fo r   va r i ab le   s t ab i l i t y   t e s t   pu rposes .   In   t ha t   conve r s ion   t he  
t e s t  p i l o t ' s  c y c l i c  s t i c k  was disconnected mechanically from the co- 
p i l o t  s t i c k  and e l e c t r i c a l  t r a n s d u c e r s  w i t h  a s t i c k  f e e l  s y s t e m  were 
added. The c o - p i l o t  ( s a f e t y  p i l o t )  had t h e  a b i l i t y  t o  o v e r r i d e  t h e  
t e s t  p i l o t  a t  a n y  time wi th  mechan ica l  s t i ck  pos i t i ons  t ak ing  command 
of t h e  h e l i c o p t e r  i f  r e q u i r e d .  
An a u t o p i l o t  is  required on the HLA for  the  prec is ion  hover  mode 
and  p i t ch  a t t i t ude  ho ld .  The precis ion  hover  mode uses a p o s i t i o n  
s e n s o r  t h a t  commands the  au topi lo t  which  provides  load  spot t ing  accuracy  
beyond t h e  c a p a b i l i t i e s  o f  a p i lo t  manua l ly  f ly ing  the  HTA via primary 
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f l i g h t  c o n t r o l  s y s t e m  i n  a hover mode. The s t a t i c  trim c a p a b i l i t y  a f f o r d e d  
by the  fore  and a f t  b a l l o n e t s  c o u l d  be i n t e g r a t e d  i n t o  t h e  p i t c h  a t t i t u d e  
ho ld   au top i lo t   func t ion .  As no ted   p rev ious ly   t he   f l i gh t  dynamics  imu- 
l a t i o n  was used in  the  syn thes i s  o f  t he  au top i lo t  sys t em and a l s o  t o  
expe r imen ta l ly  de f ine  the  au top i lo t  ga ins .  
S t ruc tu ra l  Ana lys i s  and Mate r i a l s  
During the preliminary studies of Phase I i t  became obvious  tha t  the  
HLA concep t  i n t roduces  s t ruc tu ra l  des ign  cond i t ions  neve r  be fo re  en -  
coun te red   i n   a i r sh ip   des ign .  The b a s i c  r e a s o n  f o r  t h i s  is  t h e  f a c t  t h a t  
the  maximum r o t o r  f o r c e s  a v a i l a b l e  a r e  i n  e x c e s s  o f  t h e  empty weight of 
the  vehic le  and a re  the re fo re  capab le  o f  c r ea t ing  acce le ra t ions  f a r  i n  
excess  of previous  a i rship  experience.   Furthermore,   the   very  nature   of  
t he  veh ic l e  r e su l t s  i n  ro to r  l oca t ions  wh ich  p rov ide  l a rge  moment arms  and 
c r e a t e  t h e  p o s s i b i l i t y  of very large moments a b o u t  a l l  t h r e e  a x e s  b e i n g  
t ransmit ted  to   the  envelope  (Figure  12) .   These  considerat ions  indicate  a 
requirement  for  a broad based suspension system with an arrangement 
f a c i l i t a t i n g  l a r g e  r i g g i n g  t e n s i o n s  i n  t h e  c a b l e s  so  t h a t  no cab le s  go 
s l a c k  i n  t h e  most severe loadings.  
Figure 12 .  Major S t r u c t u r a l  Components of HLA 
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It was a l s o  a p p a r e n t  t h a t  a l a rge  s t r u c t u r e ,  s u f f i c i e n t  t o  p r e -  
clude physical and aerodynamic interference between the rotors and the 
envelope and between adjacent rotors,  becomes an important  consider-  
a t i o n  f rom the  s t andpo in t  o f  s t ruc tu ra l  i n t eg r i ty  and  ine r t  we igh t .  
It  was c l e a r  t h a t  c o n s i d e r a b l e  e f f o r t  was j u s t i f i e d  toward de f in ing  a 
s t ruc tu ra l ly   sound ,   l i gh twe igh t ,   i n t e rconnec t ing   s t ruc tu re .  Toward 
t h i s  end  numerous design  approaches were inves t iga t ed .  The s e l e c t e d  
i n t e r c o n n e c t i n g  s t r u c t u r a l  c o n c e p t  c o n s i s t e d  o f  a n  i n t e r n a l  " s t a r  
frame" which i s  submerged wi th in  the  envelope  as  shown i n  F i g u r e  12. 
The s t a r  frame i s  f ab r i ca t ed  o f  three-boomed, welded high performance 
steel  girders   employing  pin  ended  joints .  The ou t r igge r s  and l i f t  
s t ru t s  which are  external  to  the envelope are  of an  aluminum honeycomb 
sandwich construct ion.  
The l a rge  number of he l i cop te r  and landing loading condi t ions 
experienced by the  in te rconnec t ing  s t ruc ture  led  to  the  deve lopment  
of a series of  computer  programs  combined a s  i n d i c a t e d  i n  F i g u r e  13 
t o  f a c i l i t a t e  t h e  s t r u c t u r a l  a n a l y s i s  e f f o r t .  
r """""""" INTEGMTED CWUTER PROGRRn 1 
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-21- 
I 
The f a b r i c  s t r e n g t h  r e q u i r e d  for t he  va r ious  des ign  cond i t ions  is  
dependent upon the frequency of occurrence of these  condi t ions  and the  
length  of   t ime  the  fabr ic  i s  under stress in   t hese   cond i t ions .   S ince  
in  the  des ign  of  an  envelope  the  creep r u p t u r e  s t r e n g t h  i s  usua l ly  
c r i t i ca l  r a the r  t han  the  qu ick  b reak  s t r eng th  o f  t he  f ab r i c ,  t he  qu ick  
b reak  s t r eng th  i s  reduced by a f a c t o r  which w i l l  guarantee adequate  
l i f e  of   the   s t ruc ture .   This   fac tor   p rovides   no t   on ly   for   c reep   rup ture  
e f fec ts ,  bu t  a l so  nominal  stress concen t r a t ions ,  wear and a s c a t t e r  
f a c t o r .  P r o v e n  f a b r i c s  a r e  a v a i l a b l e  f o r  t h i s  a p p l i c a t i o n  and were 
assumed i n  t h e  P h a s e  I1 design.  Advanced ma te r i a l s  would g i v e  s i g n i f i -  
c a n t  component weight  reduct ions but  a v e r i f i c a t i o n  program would be 
r equ i r ed .  
A two-dimensional envelope shape analysis computer program was 
developed  to  def ine  the  c ross -sec t iona l  deformat ions  occurr ing  for  
both the unsymmetr ical  a i r  loads when masted o u t  and symmetrical 
r igg ing   loads .  
The envelope pressure was s e l e c t e d  so tha t  wr ink l ing  and excess ive  
deformation w i l l  not occur under l i m i t  loads.  
The enve lope  ana lys i s  has  ind ica t ed  tha t  t he  c r i t i ca l  l oads  which 
def ine  the  envelope  fabr ic  s t rength  requi rements  a re  those  assoc ia ted  
wi th   t he   a i r sh ip   be ing  masted o u t .   T h i s   i n d i c a t e s   t h a t   a l t e r n a t i v e s   t o  
cen te r -po in t  mooring  should be inves t iga t ed .   Add i t iona l  wind tunnel  
da t a  a re  needed to  conf i rm tha t  t he  new cen te r  po in t  mooring concept 
can be  used  over a su i t ab le  r ange  of ope ra t iona l  cond i t ions .  I f  no t ,  
a more conventional mooring concept w i l l  have t o  be adopted. 
Economic Analysis  1 
A pre l iminary  es t imate  of  the  Tota l  Opera t ing  Cos t  (TOC) pe r  ava i l -  
ab le   payload   ton-mi le   ( s ta tu te )  was made a s  p a r t  of  Phase 11. The TOC 
ana lys i s  cons ide red  an  ope ra t iona l  conf igu ra t ion  tha t  d i f f e r s  from the 
Phase I1 HIA i n  t h a t  o n l y  t h e  h e l i c o p t e r  rotor/turbine/transmission 
1 A l l  d o l l a r s  a r e  c o n s t a n t  1976 d o l l a r s  
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module i s  retained on each outr igger  and a c e n t r a l  c a r  is  provided for  
t h e  f l i g h t  crew. It i s  es t imated   tha t   th i , s   approach  would r e su l t  i n  
approximately a 20% r e d u c t i o n  i n  t h e  a c q u i s i t i o n  c o s t  a s  compared t o  
the Phase I1 conf igu ra t ion  which r e t a i n s  t h e  e n t i r e  h e l i c o p t e r  on the  
outr iggers .  Fl ight  crew requirements  and costs  are  a lso based on the 
opera t iona l  Conf igura t ion  (i.e.,  s a f e t y  p i l o t s  n o t  r e q u i r e d ) ,  
The model u s e d  i n  c a l c u l a t i n g  t h e  d i r e c t  p o r t i o n  of t h e  t o t a l  
o p e r a t i n g  c o s t  i s  the s tandard A i r  Transport  Associat ion approach.  
The ind i r ec t  e l emen t s  are derived from costs needed to support  large 
h e l i c o p t e r s  i n  commercial operations. 
Comparison of the HLA TOC with the largest  commercial  U. S. Heli-  
copter ,   the   S ikorsky  S64F, is  made in   F igure   14 .  Both v e h i c l e s   a r e  
cons idered  to  be performing a mis s ion  tha t  t he  he l i cop te r  is capable  
of per forming   in  ter.ms of  payload  weight. The f i g u r e   i n d i c a t e s   t h e  
FAX GROSS WEIGHT 
BEST ENDU3ANCE SPEED 
0 v I000 1500 2000 
UTILIZATION - (HRVANNUM) 
Figure  14.  Comparison of S64F  and HLA Total  Operat ing Cost  Per  
Payload Ton Mile a t  Design Range of HLA 
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general  economic benefi ts  to  be der ived from combining rotor  and buoyant  
liEt. The reduced  maintenance  and  improved  fuel  consumption  characterist ics 
of a dedica ted  cur ren t  technology propuls ion  sys tem w i l l  s e r v e  t o  f u r t h e r  
improve  the  economics  of  the HLA. The add i t iona l   economic   bene f i t s   t ha t  
a v e h i c l e  c a p a b l e  o f  l i f t i n g  l a r g e  o u t s i z e d  l o a d s  c a n  p r o v i d e  i n  terms of 
factory versus  remote s i t e  assembly ,  spec ia l  highway o r  roadways rece iv-  
i ng  on ly  l imi t ed  u s e ,  e t c . ,  m u s t  a l s o  be included i n  any detai led market  
and economic analysis. 
For  purposes  of  the economic analysis ,  the HLA RDT&E costs have been 
e s t i m a t e d  a t  $50 x 10 . The HLA fuel   consumption  for   the  design  speed 
of 60 k t s  i s  e s t ima ted  to  be  0.36 gal / ton-mile .  As a m a t t e r  o f  i n t e r e s t ,  
w i thou t  t he  bene f i t s  o f  buoyancy the  fue l  r equ i r emen t s  would  be  on the  
order  of  0.52 gal / ton-mile .  
6 
Operat ional  Analysis  
The HLA c o n c e p t  e l i m i n a t e s  o r  m i n i m i z e s  t h e  s i g n i f i c a n t  h i s t o r i c a l  
a i r s h i p  d e f i c i e n c i e s .  The most important   of   these i s  the   need   t o   i n t e r -  
change payload and ballast which i s  e l imina ted  by the  u s e  o f  s u f f i c i e n t  
r o t o r  l i f t  t o  g i v e  a vehicle  which i s  always i n  a heavier- than-air  con-  
d i t i o n .  The severe   ( in  terms o f   c u r r e n t l y   p o s t u l a t e d   u s e s )   h i s t o r i c a l  
l imi t a t ion  o f  l ack  o f  low speed  cont ro l  i s  s i g n i f i c a n t l y  minimized i n  t h e  
HLA concept ,  aga in  due  to  the  la rge  ro tor  forces  be ing  ava i lab le  for  
c o n t r o l .  P r i o r  a i r s h i p s  h a v e  had  no apprec i ab le   hove r ing   capab i l i t i e s  
e x c e p t   i n t o  a steady  headwind. However, t h e  f l i g h t  dynamics  simulation 
s tudies ,  d i scussed  previous ly ,  show t h a t  t h e  HLA has good p o t e n t i a l  i n  
t h i s  r e g a r d .  
Ground handling of the HLA i n  compar i son  to  p r io r  a i r sh ips  w i l l  
be much improved fo r  two r e a s o n s .   F i r s t ,   t h e   r o t o r   c o n t r o l   f o r c e s  
can  be  used  on  the  ground as  in  f l igh t  to  cont ro l  the  vehic le  when the 
v e h i c l e  i s  no t  moored. Secondly,   the HLA has a w i d e  based  landing  gear 
a r rangement  whereas  pr ior  a i r sh ips  in  some c a s e s  were l i m i t e d  t o  a 
s ing le   wheel   gear .  The wide  based  landing  gear  arrangement  provides a 
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s i g n i f i c a n t  improvement i n  v e h i c l e  r o l l  s t a b i l i t y  o n  t h e  ground which 
w i l l  minimize  vehicle  response  to  ground  turbulence. The wide  based 
landing gear arrangement w i l l  a l s o  d e c r e a s e  t h e  h i s t o r i c a l  problem t h a t  
snow and ice  accumula t ion  have  represented  to  pas t  a i r sh ips  when moored. 
P r i o r  a i r s h i p s ,  which a f t e r  u sed  on ly  a s ingle  wheel  landing gear ,  were 
ve ry  suscep tab le  to  ove r tu rn ing  due t o  snow and ice  accumulat ion.  
A new "center point" mooring concept for the HLA, which reduces 
p r i o r  mooring data  requirements ,  has  evolved during the Phase I1 Study. 
The concept takes advantage of the wide based landing gear arrangement 
a s  w e l l  a s  t h e  "rugged"  nature  of  the  suspension  system. It appears 
t h a t  w i t h  t h i s  mooring concept the HLA can be moored o u t ,  and operated 
from  unprepared  f ields  involving a wide  range  of s o i l  c o n d i t i o n s .  The 
c e n t e r  p o i n t  mooring system u t i l i z e s  a "stub" mast which interfaces 
w i t h  s t r u c t u r e  a t  t h e  c e n t e r  of t he   i n t e rconnec t ing   s t ruc tu re .  Thus, 
the  vehic le  s taWLzes ,  when masted ou t ,  b roads ide  to  the  wind thereby 
reducing the mooring area in comparison to that required in the conven- 
t i o n a l  bow mooring arrangement. 
Transport  or  "ferry"  of  the H J A  t o  the  a rea  of ope ra t iona l  need w i l l  
be accomplished much the same a s  i n   t h e   p a s t   a i r s h i p s .  The ope ra t iona l  
HLA conf igura t ion  w i l l  l i k e l y  use an auxi l iary turboprop propuls ion 
system for  the ferry mission;  thus the high fuel  eff ic iency inherent  
i n  p a s t  a i r s h i p  o p e r a t i o n s  w i l l  be achieved. 
Technology Assessment Analysis 
The f i n a l  t a s k  of the HLA Phase I1 Study was a Technology Assessment 
Analysis  (TAA). This  included  three  major  subtasks:  
(1 )   Iden t i f i ca t ion   o f   a r eas  where  advanced  technology  could  contribute 
toward  improved safety,  performance, or economics of the vehicle.  
( 2 )  Iden t i f i ca t ion   o f   t he  need f o r   f l i g h t   r e s e a r c h   v e h i c l e s .  
(3 )  I d e n t i f i c a t i o n   o f   c o s t s  and schedules  for  technology  development  and 
f l i g h t  r e s e a r c h  v e h i c l e  programs. 
Only the f i r s t  two items w i l l  be summarized here in .  
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Although no t echn ica l  ba r r i e r s  t o  deve lopmen t  o f  t he  veh ic l e  concep t  
were d iscovered  in  the  course  of  the  HLA Phase I1 i n v e s t i g a t i o n ,  t h e r e  
a r e  s e v e r a l  a r e a s  i n  w h i c h  f u r t h e r  a n a l y s i s  and da ta  a re  needed .  In  ae ro -  
dynamics,  the  immediate  requirement i s  f o r   f u r t h e r   s m a l l - s c a l e   t e s t i n g .  An 
obvious choice for  this  work is  the  12 - foo t  p re s su re  tunne l  a t  NASA A m e s  
Research  Center  s ince  the  var iab le  dens i ty  fea ture  of  th i s  tunnel  w i l l  
a l l o w   t e s t i n g   s i g n i f i c a n t l y   a b o v e   t h e   c r i t i c a l   R e y n o l d s  number. Test  
r e su l t s  w i l l  provide  aerodynamic  data  for:   (1)  f l ight  dynamics  simulation, 
(2)  ver i f ica t ion  of  the  theore t ica l  t echniques  for  pred ic t ing  aerodynamic  
in t e r f e rence  e f f ec t s  wh ich  a re  cu r ren t ly  be ing  deve loped ,  ( 3 )  d e f i n i t i o n  
o f  a f i n a l  c o n f i g u r a t i o n  ( e . g . ,  s e l e c t i o n  o f  r o t o r  l o c a t i o n ,  h u l l  f i n e n e s s  
r a t i o ,  and t a i l   s u r f a c e   c o n f i g u r a t i o n ,   i f   a n y ) ,  ( 4 )  envelope  analysis ,   and 
(5)  mooring system analysis. 
F ina l  aerodynamic  da ta  f rom tes t ing  in  a la rge  tunnel  such  as  the  
4 9  x 80 f o o t  wind t u n n e l  f a c i l i t y  a t  Ames w i l l  be  needed.  This f a c i l i t y  
a l lows a model o f  s u E P i c i e n t  s i z e  s u c h  t h a t  a r t i c u l a t e d  r o t o r s  c a n  be 
used.   Art iculated  rotors   are   necessary  to   assess   unsteady  aerodynamic 
e f  E2cts. 
A key technica l  requi rement  i s  continued development and refinement 
o f   f l i g h t  dynamics  imulation. The following i s  needed i n  terms of up- 
grad ing   ex is t ing   s imula t ion   capabi l i t i es :   (1)   comple te ,   exper imenta l ly  
v e r i f i e d  G DOF aerodynamics;  (2)  improved representat im of  the rotor  
dynamics; ( 3 )  improved turbulence   spec t ra ;  ( 4 )  improved r ep resen ta t ion   o f  
t h e  i n t e r a c t i o n  o f  t h e  t u r b u l e n c e  w i t h  t h e  v e h i c l e ;  and ( 5 )  i nc lus ion  o f  
a e r o e l a s t i c  e f f e c t s .  The main uses of  the  f l igh t  dynamics  s imula t ion  w i l l  
be  to  suppor t  (1) cont ro l  sys tem des ign  and  ana lys i s ,  (2)  ground-based 
s imulator   experiments ,  (3)  development   of   design  cr i ter ia ,   and ( 4 )  s t r u c -  
t u r a l  d e s i g n  and a n a l y s i s .  
T h e r e  a r e  s e v e r a l  a r e a s  i n  s t r u c t u r e s  and materials which need tech- 
nology  development. One need i s  for   deve lopment   o f   s t ruc tura l   des ign  
c r i t e r i a .  A d e t a i l e d  s t r u c t u r a l  dynamics  analysis  w i l l  be   required  to  
a s s u r e  a v e h i c l e  s t r u c t u r e  f r e e  o f  i n s t a b i l i t i e s .  A comprehensive  analysis 
of  the envelope and suspension system w i l l  a l s o  be necessary.  The l a r g e  
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deformations (as  compared t o  p r i o r  a i r s h i p s )  o f  t h e  HLA w i l l  r e q u i r e  
new envelope  analysis   techniques.  A program to  expe r imen ta l ly  va l ida t e  
advanced  ma te r i a l s ,  pa r t i cu la r ly  f ab r i c s  and f i l m s ,  would lead to  sub-  
s t a n t i a l l y  improved vehicle performance. 
A technology program which would lead to economic benefit  i s  
the  development of a low maintenance  propulsion  system. The pro jec ted  
maintenance costs of the Phase I1 HTA are dominated by t h e  m a i n t e n a n c e  
requirements   of   the   hel icopters .  The a v a i l a b i l i t y  of  buoyant l i f t  t o  
offset  the weight  of  the rotor  system components  can p e r m i t  g r e a t e r  
margins on the dynamic components and t h i s  c o u l d  be e x p l o i t e d  i n  t h e  
design of a propuls ion  sys tem for  low maintenance. 
The TAA h a s  i n d i c a t e d  t h e  d e s i r a b i l i t y  o f  a Fl ight  Research Vehicle  
(FRV). The primary  purpose  of  an FRV would  be to  obta in  research  capa-  
b i l i t i e s  t h a t  c a n n o t  be d u p l i c a t e d  i n  g r o u n d - b a s e d  f a c i l i t i e s  o r  i n  
ground-based  component  and  sub-system  testing.  If  the FRV i s  pa t te rned  
a f t e r  t he  Phase  I1 HLA, i t  would a l s o  be capable of providing concept 
v e r i f i c a t i o n  and opera t ing  cos t  da ta  under  ac tua l  miss ion  condi t ions .  
Use o f  e x i s t i n g  h e l i c o p t e r s  and o the r  o f f - the - she l f  components would 
r e s u l t  i n  a low c o s t  FRV program. 
One approach to  an HLA FRV program i s  to  develop the FRV concurren t ly  
with the technology development program and this approach was adopted i n  
Reference 2 .  The FRV i n i t i a l l y  would  be cons t ruc t ed  us ing  ex i s t ing ,  
proven technology insofar as poss ib le  so t h a t  f l i g h t  t e s t i n g  c o u l d  b e g i n  
a t  a r e l a t i v e l y  e a r l y  d a t e .  The results from  the  technology  program would 
then  be i n t e g r a t e d  i n t o  t h e  FRV a s  they became a v a i l a b l e .  
Conclusions and Recommendations 
S ign i f i can t  conc lus ions  r e su l t i ng  from the  inves t iga t ion  of  the  heavy 
l i f t  a i r s h i p  c o n c e p t  a r e :  
(1) The concept   appears   to  be t e c h n i c a l l y   f e a s i b l e  and  has  the 
p o t e n t i a l  f o r  m e e t i n g  t h e  need fo r  t he  heavy and very heavy v e r t i c a l  l i f t  
of  large outs ized cargo.  
(2) The buoyancy, i n  a d d i t i o n  t o  p e r m i t t i n g  a s u b s t a n t i a l  i n c r e a s e  
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i n  s i n g l e  v e h i c l e  v e r t i c a l  l i f t  c a p a b i l i t y ,  s h o u l d  p r o v i d e  a s i g n i f i c a n t  
r e d u c t i o n  i n  c u r r e n t  v e r t i c a l  l i f t  c o s t s .  A d d i t i o n a l l y ,  t h e  buoyancy 
r e d u c e s  t h e  f u e l  r e q u i r e m e n t s  f o r  l i f t i n g  and t r a n s p o r t i n g  c a r g o  i n  com- 
p a r i s o n   t o   c u r r e n t   h e l i c o p t e r   s y s  tems. 
(3) The concept   min imizes   o r   e l imina tes   s ign i f icant   opera t iona l  
d e f i c i e n c i e s  o f  p a s t  a i r s h i p  d e s i g n s .  
( 4 )  The technology  assessment   ana lys i s   has   ind ica ted   tha t   s ign i f i -  
cant   technology  effor ts   (e .g .  wind t u n n e l  t e s t i n g ,  f l i g h t  dynamics 
s i m u l a t i o n ,  s t r u c t u r a l  dynamics a n a l y s i s )  are needed to  a s su re  the  
successful  development  of  the  concept.  Other  technology  programs  (e.g. 
i n  m a t e r i a l s  and propuls ion systems)  would s u b s t a n t i a l l y  improve the  
performance and economics. 
(5) The technology  assessment   analysis   a lso  has   indicated  the 
g r e a t  u t i l i t y  of a f l i g h t  r e s e a r c h  v e h i c l e  f o r  r e s e a r c h  and proof-of- 
concept purposes. 
S i g n i f i c a n t  recommendations r e su l t i ng  f rom the  inves t iga t ion  of the 
HLA concept  a re :  
(1) A market  study is  required  to   bet ter   def ine  the  commercial  
marke t  s ize  and the optimum veh ic l e  and mission parameters. 
( 2 )  A s e r i e s  of technology  programs  are  needed  to  acquire  sufficient 
a n a l y t i c a l  t o o l s  and empir ica l  da ta  to  successfu l ly  deve lop  the  concept .  
Other  programs  to  improve  the  vehicle  performance  and  economics  should 
a l s o  be p u r s u e d .  
( 3 )  A f l i g h t  r e s e a r c h  v e h i c l e  would  be  highly  desirable and should 
be  developed i n  a t imely manner. 
AIRPORT FEEDER STUDY  RESULTS 
S umma r y  
The Airport  Feeder Vehicle is  a VTOL semi-buoyant airship capable 
of t ransport ing passengers  or  cargo to  major  CTOL hub terminals from 
suburban  and downtown depots .  The baseline  Phase I1 conf igu ra t ion  i s  
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shown i n  F i g u r e  15. One opera t iona l   concept  i s  shown i n  F i g u r e  16. 
P r i n c i p l e  v e h i c l e  d e s i g n  c h a r a c t e r i s t i c s  and c a p a b i l i t i e s  i n c l u d e :  
Pressur ized  meta lc lad  cons t ruc t ion  
Volume - 12,135 M (428,500 F t  ) 
Gross  Weight - 30,618 kg (67,500 lb) 
8 = S t a t i c  L i f t / G r o s s  Weight - 0.35 
80 Passenger Capacity 
Modularized cargo/passenger design 
VTOL 
3 3 
Figure 15. Final   Phase I1 Basel ine  Airport   Feeder   Configurat ion 
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AIRWAYS TO 
A l i e + V  
M O R  AIRPORTS 
OR ADJACENT 
CITY CEKTER 
~ . ~ .  . . 
Figure 16. Airport   Feeder  Concept  of  Operations 
The Phase I1 s t u d y  e f f o r t  was organized   in to   four   t asks :  1) Vehicle 
Design Defini t ion,  2 )  Operat ional  Procedures  Analysis ,  3 )  Cost Analysis 
and  Modes,  and 4 )  Miss ion /Veh ic l e  Feas ib i l i t y  and Technology Assessment. 
The fo l lowing  sec t ions  descr ibe  the  work  done i n  t h e s e  t a s k s .  
Vehicle  Design Defini t ion 
The v e h i c l e  d e s i g n  d e f i n i t i o n  was a combination of point design 
a n a l y s i s  and pa rame t r i c  veh ic l e  s i z ing  and performance optimization. 
The o b j e c t i v e  was t o  d e f i n e  t h e  v e h i c l e  c h a r a c t e r i s t i c s  of an  80 
passenge r   a i rpo r t   f eede r   fo r  maximum s p e c i f i c  p r o d u c t i v i t y .  The pro- 
puls ion system design and  performance cha rac t e r i s t i c s  r equ i r ed  fo r  one -  
engine-out VTOL received  special   emphasis .  The major  parameter  of 
i n t e r e s t  was t h e  r a t i o  o f  b u o y a n t - t o - t o t a l  l i f t  ( B ) .  
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Severa l  a l te rna te  passenger  sea t ing  a r rangements  and car  conf igur -  
a t ion  concep t s  were evaluated.  The se lec ted  concept  i s  a modular  con- 
f igura t ion  wi th  two-for ty  passenger  modules  and s i x  a b r e a s t  s e a t i n g  a s  
shown i n  F i g u r e  17 .  E i t h e r  a l l  passenger,  a l l  c a r g o ,  o r  combined oper- 
a t i ons   a r e   poss ib l e .  
Propuls ion systems evaluated included four  engine ful ly  cross-shaf ted 
p rope l l e r ,  fou r  eng ine  fu l ly  c ros s - sha f t ed  duc ted  f an ,  and s ix  eng ine  
uncross-shaf ted  configurat ions.  The fou r   eng ine   fu l ly   c ros s - sha f t ed  con- 
f i g u r a t i o n  was se lec ted  as  the  base l ine  conf igura t ion  based  on  minimum 
weight ,  VTOL and c r u i s e  power requirements,  and VTOL s i d e l i n e  n o i s e  l e v e l s .  
The f i n a l  c o n f i g u r a t i o n  d e f i n i t i o n  s t u d y  was performed by incorpor-  
a t i n g  t h e  r e s u l t s  of  point  design analyses  into the Goodyear Ai rsh ip  
Synthesis  Program (GASP). The o p t i m i z a t i o n  c r i t e r i a  f o r  t h e  s t u d y  was 
maximum s p e c i f i c  p r o d u c t i v i t y ,  i .e .  payload times ve loc i ty  d iv ided  by 
empty weight,  PV/E, evaluated at  the design range,  which was 740 k i lo -  
meters  (400 n mi) p l u s  a 74 ki lometer  divers ion (40 n m i )  p l u s  a 20- 
minute  hold a t  a speed  for  maximum endurance. The independent   var iables  
cons ide red  in  the  op t imiza t ion  s tudy  inc luded  c ru i se  a l t i t ude ,  c ru i se  
v e l o c i t y ,  B , gross  weight  and f i n e n e s s  r a t i o  f o r  two types of cons t ruc t ion :  
pressurized metalclad and pressurized Kevlar  non-r igid.  
The Phase I1 r e su l t s ,  cons i s t en t  w i th  the  Phase  I t rends ,  ind ica ted  
tha t  the  pressur ized  meta lc lad  t y p e  of cons t ruc t ion  was s l i g h t l y  s u p e r i o r  
to  the  pressur ized  non-r ig id  for  maximum PV/E. A weight .s ta tement  of  the 
se l ec t ed  des ign  i s  g iven  in  Tab le  I. The pressurized Kevlar  non-r igid 
c o u l d  p o t e n t i a l l y  o f f e r  a lower c o s t ,  more o p e r a t i o n a l l y  f l e x i b l e  a i r p o r t  
f e e d e r  v e h i c l e  and should be r e t a i n e d  a s  a p o t e n t i a l  c a n d i d a t e  i n  f u t u r e  
s t u d i e s .  
The Phase I1 r e s u l t s  a r e  shown i n  F i g u r e  18 along with a comparison 
of  the  Phase I Study  t rend.  An optimum 8 of 0.35 was found for   the  Phase 
I1 v e h i c l e ,  a l t h o u g h  t h e  s e n s i t i v i t y  o f  PV/E between B ' s  of from about 
0.3 t o  0.5 i s  small .  The difference  between  the  Phase I and  Phase I1 t rends  
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I 
OVERHEAD  BAGGAGE 
STORAGE 
Figure  1 7 .  Two-Segmented Payload Module Cabin  Layout 
(6  Abreas t  Sea t ing)  
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T a b l e  I - BASELINE  CONFIGURATION  WEIGHT SUMMARY 
H u l l  S t r u c t u r e  
C a r  S t r u c t u r e  
Modular  PAX Compartment   (2)  
Empennage  and  Cont ro ls  
Land ing  Gear  
P r o p u l s i o n  S y s t e m  
F u e l  a n d  F u e l  S y s t e m  
F l i g h t  I n s t r u m e n t s  a n d  APU 
F u r n i s h i n g s l S e a t s  a n d  Belts 
C r e w  (2)   STU's   (2)   and  Gear  
8 0  PAX (3 160 Lb/PAX + 20 Lb/PAX Baggage 
TAKEOFF  GROSS  WEIGHT 
1 1 , 1 5 0  Lb 
4 , 6 0 0  
7 , 000 
3 , 100 
1 ,120  
15,050 
7 , 400 
1,200* 
1 , 820* 
660* 
14,400* 
67,500 Lb 
* Based  on NASA " S t u d y   G u i d e l i n e s   f o r   C o n c e p t u a l  1985 
V/STOL A i r c r a f t "  
NOTE: 1 Lb = 0.453 kg 
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Figure  18.  Buoyancy Rat io   Trends  for  Maximum Produc t iv i ty :  
Phase I and Phase I1 Study 
can be traced to the car structurelpassenger accommodations design and 
weight requirement and the propulsion system requirements for one-engine- 
o u t  VTOL c a p a b i l i t y .  The c r u i s e  v e l o c i t y  f o r  maximum  PV/E was  67 m / s  
(130  knots) a t  a n  a l t i t u d e  o f  610 meters  (2000 f t ) .  A l l  NASA s p e c i f i e d  
des ign  and  performance c r i t e r i a  d e f i n e d  f o r  t h e  m i s s i o n  c a n  be met o r  
exceeded. The n o i s e  a t  t a k e o f f  i s  86.5 pNdB, 8 .5  pNdB under   the  specif ied 
cons t r a in t .   Fue l  Consumption i s  about   0 .25  gal lons/ ton mile. 
The major  areas  of  technical  uncertainty were i d e n t i f i e d  t o  be the 
h o v e r l t r a n s i t i o n  p h a s e  s t a b i l i t y  and t h e  c o n t r o l  c h a r a c t e r i s t i c s  and 
f l y i n g l r i d e  q u a l i t i e s  i n  t u r b u l e n t  a i r .  
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Operat ional  Procedure Analysis  
A gene ra l i zed  ana lys i s  o f  ope ra t iona l  cha rac t e r i s t i c s  o f  a "most 
probable"  a i rpor t  feeder  sys tem opera t ing  wi th in  the  ex is t ing  t rans-  
p o r t a t i o n  i n f r a - s t r u c t u r e  was performed.  Both a non-locale   or iented 
e f f o r t  and a s i t e  s p e c i f i c  a n a l y s i s  were invest igated.   Important   in-  
s t i t u t i o n a l  c o n s i e r a t i o n s  and the implied operat ional  requirements  
a r e  summarized  below. 
The system w i l l  l i ke ly   s e rve   bus iness   t r ave le r s .   The re fo re ,   t he  
user must perceive convenience and/or time advantage  over  a l te rna t ives .  
From the  use.r 's point  of  view, the sys t em should provide adequate t r i p  
f requencies ,  scheduled  depar tures ,  CTOL f l i g h t  s a f e t y  i n  v i r t u a l l y  a l l  
weather ,  and r e a s o n a b l e  r i d e  q u a l i t y  and  comfort. 
From the non-user/community acceptance point of view, noise,  air  
p o l l u t i o n  and ground congestion should be minimized, as well as any 
adverse  impact  on  property  value and hazard  due  to  accidents.   These 
cons ide ra t ions  d i c t a t e  qu ie t  ope ra t ions  and ca re fu l  t e rmina l  and land 
access   planning.  An extensive  public  program may be  needed to  de f ine  the  
benefi ts  of  the system to the publ ic .  
A i r p o r t  o p e r a t i o n s  r e p r e s e n t  t h e  f i r s t  l e v e l  o f  c o n t r a c t  w i t h  u s e r /  
non-user  group. The major a reas  of concern  include  the income p o t e n t i a l  
of t he  a i rpo r t  f eede r  (A/F) system and the  compa t ib i l i t y  w i th  ex i s t ing  
operat ions.   Ideal ly ,   the   system  should  reduce  congest ion and terminal  
d e l a y s   r e s u l t i n g  from a i rpo r t   access .   Th i s   i nd ica t e s   t ha t   t he   f eede r  
m u s t  be i n t e g r a t e d  i n t o  o r  be  compat ib le  wi th  ex is t ing  a i rpor t  opera t ions .  
A pre l iminary  eva lua t ion  of  the  marke t  s ize  for  the  A/F system indicated 
tha t  on ly ' t he  l a rges t  7 - 10 met ropol i tan  a reas  may have passenger demand 
s u f f i c i e n t  t o  s u p p o r t  a n  A/F se rv ice .  The marke t  po ten t i a l  fo r  an  Ai rpor t  
Feeder type of s e r v i c e  i s  an important  factor  which unfortunately i s  no t  
we l l -de f ined  a t  p re sen t .  
The Lake Er ie  Regional  Transpor ta t ion  Author i ty  (LERTA) s e r v i c e  
r eg ion  was s e l e c t e d   f o r  a s i t e - s p e c i f i c   e v a l u a t i o n .  The phys ica l  
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r e s t r i c t i o n s  a s s o c i a t e d  w i t h  a i r p o r t  a c c e s s  t o  t h e  p r o p o s e d  l a k e p o r t  
s i t e  may r e s u l t  i n  a unique requirement  for  and b e n e f i t  from a s h o r t  
haul   a i rpor t   feeder   sys tem.  The r e s u l t s  o f  t h e  LERTA analysis   confirmed 
many of  the  opera t iona l  requi rements  der ived  in  the  genera l ized  ana lys i s  
and provided the guidel ines  for  developing the A/F operat ional  procedures .  
Several  approaches to  the loading and unloading of passengers and 
cargo  were  examined. The se lec ted   concept  i s  a modular  passengerlpayload 
module  which  can  be t r a n s f e r r e d  from the basic Airport  Feeder with a l l  
passengers aboard or can use CTOL type ramp f a c i l i t i e s  f o r  p a s s e n g e r  
access .   Th i s   ope ra t iona l   concep t   o f f e r s   subs t an t i a l  improvements i n  t h e  
landinglon-ground operations of the A/F veh ic l e  a s  compared wi th  pas t  
a i r s h i p s .  The low value  of B a l s o  s h o u l d  f a c i l i t a t e  ground  handling. 
Cost Analysis and Comparison with Alternative Modes 
The o b j e c t i v e  of  the  cos t  ana lys i s  was to  e s t ima te  the  ope ra t ing  cos t  
o f  the  Airpor t  Feeder  f ina l  base l ine  vehic le  def ined  previous ly ,  opera t ing  
in   the   shor t   haul   passenger   t ranspor ta t ion   marke t .   Extens ive   use  was 
made of s e v e r a l  NASA developed cost  es t imat ing relat ionships  (CER's) .  
Cost   data  i s  i n  1975 dol la rs   un less   o therwise   no ted .  Major a reas   o f  un- 
c e r t a i n t y  i n  RDT&E include Government support  of RDT&E, FAA C e r t i f i c a t i o n  
Requirements, RDT&E r equ i r ed  fo r  t he  "Second  Ever'' Metalclad and the 
c o s t  of d e v e l o p i n g  t h e  t e r m i n a l  f a c i l i t i e s .  
The approach  used was to  inves t iga t e  the  RDT&E cos t s  pa rame t r i ca l ly  
and to  de te rmine  the  var ia t ions  of  the  opera t ing  cos ts  as  a func t ion  of 
the  RDT&E c o s t s .  The base l ine  RDT&E cos t  e s t ima te  fo r  t he  A/F System 
was $80,000,000. The u p p e r  and  lower  bounds c o n s i d e r e d  i n  t h e  s e n s i t i v i t y  
a n a l y s i s  were  $160,000,000  and $40,000,000, r e spec t ive ly .  
The acquis i t ion  cos t  es t imates  for  the  Airpor t  Feeder  vehic le  con-  
cept  were  ca lcu la ted  for  product ion  quant i t ies  of  1, 25,  and 125 veh ic l e  
p roduc t ion   runs .   Es t ab l i shed   a i r c ra f t   cos t   e s t ima t ing   r e l a t ionsh ips  
(CER's)  were  used fo r  l ea rn ing  f ac to r s ,  a i r c ra f t  sys t ems ,  pas senge r  p ro -  
v i s i o n s  and fu rn i sh ings  , propulsion group, and t h e  c a r  s t r u c t u r e  and 
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passenger  accommodations. GAC re ference   da ta  w a s  used to   deve lop  
modi f ica t ions  to  the  bas ic  C E R ' s  f o r  t h e  c a r  s t r u c t u r e ,  t h e  h u l l  
s t r u c t u r e  and the empennage. 
Opera t ing  cos t  es t imat ing  re la t ionships  deve loped  for  shor t  haul  
passenger  turboprop aircraf t  operat ions (Reference 11) were u t i l i z e d  
t o  e s t i m a t e  IOC and DOC. Basel ine  assumptions  for   the  analysis   were 
1 2 5  u n i t  f l e e t  s i z e ,  3000 revenue a i r c r a f t  b l o c k  h o u r s  p e r  y e a r ,  f u e l  
cos t  o f  30 cents/gallon, block speed based on 13 m / s  (25 knot)  wind 
speed (half  head wind,  half  ta i l  wind) ,  and an average s tage length 
of 74 km (40 n mi). The r e s u l t i n g  b a s e l i n e  DOC breakdown i s  shown i n  
Table 11. The DOC s e n s i t i v i t y  t o  a l t e r n a t e  a s s u m p t i o n s  is  shown in   Tab le  
111. 
TABLE 11. BASELINE  DOC/ASSM  COST BREAKDOWN 
I tem DOC (Cents /ASSM) % of DOC 
Depreciat ion 
F l i g h t  Crew Expense 
Fuel O i l  and Taxes 
Insurance 
Maintenance 
A i r  Frame 
Engine 
Maintenance Burden 
1 . 3 7  25 
0.75  13.7 
1.25  22.8 
0.26  4.7 
0.41 
0.42 
0.95 
H e l i u m  Replenishment  0.11 
DOC (Cents/Available 
S e a t   S t a t  M i )  = 5.52 Cents/ASSM 
8.5 
7.6 
17.3 
0.3 
99.9% 
NOTE: 1 S ta tu t e   Mi l e  = 1.609 km 
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TABLE 111. SUMMARY  OF DOC SENSITIVITY ANALYSIS  RESULTS 
Parameter  Values DOC /ASSM  CENTS /ASSM 
Parameter - A ~ Basel ine + A  - A   baseline^ . _____ 
RDTdrE $ lo6 40 80  160 5. 5 5.52 5.71
RABH HRS 2000  3000  4000 6.37 5.52  5.10 
ASL N . M I .  15 40 100 6.80  5.52  5.07 
Fue 1 c/GAL 15 30 60  4.92 5.52  6.62 
. 
NOTE: 1 n.mi. = 1.853 km 
The DOC per a v a i l a b l e  s e a t  s t a t u t e  mile (ASSM) ranges from about 
5c/ASSM to  about  7c/ASSM over a wide range of average stage lengths,  
(ASL) y e a r l y  u t i l i z a t i o n ,  (Revenue Aircraf t  Block Hours ,  RABH per  year)  
f l e e t  s i z e  and f u e l  c o s t s .  DOC s e n s i t i v i t y  t o  f u e l  c o s t s  s u g g e s t  t h a t  
optimum o p e r a t i n g  a d d e s i g n  c h a r a c t e r i s t i c s  of  the Airport  Feeder  vehicle  
should  vary  wi th  fue l  cos t .  
In  comparison with recent  resul ts  of s t u d i e s  of  conceptual  short-haul  
a i rp l anes ,   t he  A/F appears  to  be  economically  competit ive.   In  comparison 
wi th  ac tua l  he l i cop te r  a i r l i ne  expe r i ence ,  t he  A/F i s  e s t ima ted  to  be 
supe r io r  by a f ac to r  o f  two based  on  d i rec t  opera t ing  cos t  per  ava i lab le  
s e a t  s t a t u t e  mile. Fuel  consumption p e r  a v a i l a b l e  s e t  s t a t u t e  mile i s  
est imated to  be approximately 30% bet te r  than  cur ren t  technology he l icopters .  
A s  mentioned e a r l i e r ,  t h e  A/F n o i s e  l e v e l  a t  t a k e o f f  i s  considerably below 
the  s tudy  objec t ive  of 95 pNdB and the re fo re  below  most i f  n o t  a l l  h e a v i e r -  
than-air  designs.  
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Miss ion/Vehic le  Feas ib i l i ty  and Technology Assessment 
The g rea t e s t  a r ea  o f  unce r t a in ty  a s soc ia t ed  wi th  the  Ai rpor t  Feede r  
concept i s  the  market   for   the  service  provided.   Several  key questions.  
have  been  identified  which  should be i n v e s t i g a t e d  i n  more d e t a i l .  These 
inc lude  marke t  s ize ,  vehic le  per formance/des ign  requi rements  for  maximum 
economic v i a b i l i t y ,  u s e r  acceptance,  non-user  react ion,  and a more de- 
t a i l e d  i n v e s t i g a t i o n  of cargo operations.  
Detai l  market  s tudies  need to  be  performed t o  f u r t h e r  d e f i n e  t h e  
demand and. po ten t i a l  u t i l i za t ion  fo r  t he  Ai rpor t  Feede r  sys t em concep t .  
This  ana lys i s  should  be i n t e g r a t e d  w i t h  f u r t h e r  v e h i c l e  d e s i g n ,  perforrn- 
ance and opera t iona l   t rade   s tud ies .   Promis ing   s tudy   a reas  would inc lude  
veh ic l e  DOC minimizat ion as  a func t ion  of des ign  passenger  capac i ty ,  fue l  
c o s t s ,  and  buoyancy r a t i o .  
No unknowns have been defined which present technological barriers 
to  the  successful  development  of  the  vehicle  concept.  Many a reas  have 
been  ident i f ied  which  requi re  addi t iona l  research  and development; 
primary among these  a re  hove r  pe r fo rmance / s t ab i l i t y  and con t ro l ,  ae ro -  
dynamics,  vehicle  response to  turbulence associated with CTOL a i r p o r t  
and  suburban/downtown o p e r a t i o n s ,  f l y i n g l r i d e  q u a l i t i e s ,  and  development 
and  in tegra t ion  of  cyc l ic  propel le r /prop-ro tor  technology for  hover  cont ro l .  
Table I V  summarizes  key a r e a s   r e q u i r i n g   f u r t h e r  RDT&X. Overa l l ,   the  
spec i f i ed  des ign  and performance requirements appear to be achievable 
based  on  the resul ts  t o  d a t e .  The r e s u l t s  i n d i c a t e  t h a t  i n  t e r m s  of 
operating  economics,   fuel  consumption, and noise  performance,  the 
Airpor t  Feeder  vehic le  concept  i s  a t  l e a s t  a s  p r o m i s i n g  a s  competing 
a i r c r a f t .  
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Aerodynamics/Stabil i ty and Con t ro l /F l igh t  
Dynamics R&D Areas 
Hul l /Rotor  In te r fe rence  Effec ts  (Hover  and C r u i s e )  
G u s t  Environrnent/Vehicle Response i n  A i r p o r t  and C i t y  Center 
Regions 
Ride Quality During Cruise a t  Low A l t i t u d e s  
S t a b i l i t y  and  Con t ro l  i n  T rans i t i on  and Hover F l i g h t  
Application of Active Controls Technology 
Aerodynamic Conf igura t ion  Modif ica t ions  for  Improved Li f t /Drag  
Mission/Marke t Analysis R&D Areas 
Market Analysis vs Vehicle Design and Performance Capability 
Pissenger Acceptance of Low Al t i t ude  R ide  Qua l i ty  
Design Optimization based on Return on Investment 
Design Optimization a t  High Fuel Cost 
General R&D Areas 
Opera t iona l  Development/Verification of Tether/Winch Landing 
Sys tern 
P r o p e l l e r  I n t e r f e r e n c e  d u r i n g  T r a n s i t i o n  
Low Cost Materials Handling/Manufacturing Approaches 
Passenger Compartment Noise Level Reduction 
Environmental  and Operational Limitations of Minimum  Gauge 
Metalclad H u l l  S t r u c t u r e  
Design Implications of High Ground-Air-Ground Cycle Operations 
Applicat ions of  Advanced Mate r i a l s  
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NAVY MISSION STUDY RESULTS 
Mission Descr ipt ion 
The primary purpose of the Navy port ion of  Phase I1 w a s  t o  assess 
t h e  t e c h n i c a l  f e a s i b i l i t y  o f  u t i l i z i n g  LTA v e h i c l e s  o r  LTA veh icu la r  
sys tems to  per form per t inent  Navy missions.  The ana lys is  accounted  for  
t he  t r adeof f s  and  in t e rac t ions  among aerodynamic, s t ruc tura l ,  and  pro-  
p u l s i v e  e f f i c i e n c i e s  d i c t a t e d  by the mission requirements .  Vehicle  con- 
cepts with buoyant- to- total  l i f t  r a t i o s ,  (f3) d o m  t o  0.8 were considered. 
Four missions were i d e n t i f i e d  f o r  t h e s e  f u l l y  b u o y a n t  a i r s h i p s :  (1) sub- 
marine t r a i l ,  (2) SOSUS (sound surve i l lance  sys tem)/ocean  surve i l lance ,  
(3)  ASW Barrier, and (4) convoy escort. 
In  the submarine t r a i l  mis s ion ,  t he  a i r sh ip  i s  se l f - su f f i c i en t  and  
capable of independent operations from land bases for per iods  r equ i r ing  
mul t ip l e  crews and crew f a c i l i t i e s .  The miss ion  objec t ive  i s  t o  main- 
t a in  c lose  con tac t  w i th  submar ines  subsequen t  t o  loca l i za t ion  by  o the r  
means. The primary sensor is  an  advanced  nonacoustic  system  currently 
under  invest igat ion by the Naval. A i r  Development Center. A r e a c q u i s i t i o n  
c a p a b i l i t y  is necessary,  and a l imi t ed  se l f -de fense  capab i l i t y  is  de- 
s i reable .  In  addi t ion  to  the  over tmode ,  a cover t  mode using towed a r r a y s  
w a s  a l so  cons idered .  
The SOSUS/Ocean Surve i l lance  miss ion  objec t ive  is  t o  d e t e c t ,  c l a s s i f y  
and maintain survei l lance of  submarine targets  in  ocean areas where the  
land-based SOSUS performance is poor  or  temporar i ly  out  of  operat ion.  The 
primary sensor i s  a SURTASS (Surve i l lance  TASS) e q u i v a l e n t  t h i n  l i n e  t o v e d  
ar ray .  A hybrid processing system is  included onboard the airship which 
permits  the data  to  be displayed and processed onboard the airship and/or  
d a t a  l i n k e d  t o  s h o r e  f o r  u s e  i n  t h e  l a n d - b a s e d  main eva lua t ion  centers .  
ASW support  forces from land-based or sea-based operations could be 
vec tored  to  suppor t  the  a i r sh ip  sys tem in  conduct ing  loca l iza t ion ,  c lass i f i -  
ca t ion ,  and negat ion port ions of  the ASW missions.  Secondary  operations 
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such as a i r  and su r face  su rve i l l ance  cou ld  be  pe r fo rmed  in  some approaches 
t o  t h e  SOSUSIOcean Surve i l lance  Miss ion . '  
The ASW b a r r i e r  m i s s i o n  w i l l  r e q u i r e  an LTA vehicle  which i s  s e l f -  
s u f f i c i e n t  and capable  of  independent  operat ions from land bases  for  
pe r iods  r equ i r ing  mul t ip l e  crews and crew f a c i l i t i e s .  It w i l l  be  supple-  
m e n t a r y  t o  b o t h  s u r f a c e  a n d  a i r c r a f t  r e s o u r c e s ,  t h u s  r e l i e v i n g  t h e  b u r d e n  
on these  fo rces  in  s i t ua t ions  where  economics  o r  t h rea t  levels make t h e  
long  endurance LTA attractive.  I n  s i m p l i s t i c  terms, i t  is i n t e n d e d  t o  
f i l l  t h e  gap  between r e l a t i v e l y  slow-speed, long endurance, large payload 
surface ships  and high-speed,  short  endurance,  small p a y l o a d  a i r c r a f t .  
It w i l l  b e  a b l e  t o  use dipped, towed o r  r e t r i e v a b l e  s e n s o r s  b e c a u s e  o f  i t s  
ons t a t ion  hove r  capab i l i t y .  The miss ion  objec t ive  is t o  m a i n t a i n  a 
count ing  or  de tec t ion  only  bar r ie r  across  submar ine  transit routes .  
Barrier lengths of 1300 km (700 n mi)  and onstat ion endurance of 20 t o  
30 days were genera l  miss ion  objec t ives .  
I n  t h e  b a s e l i n e  convoy escor t  miss ion  the  miss ion  objec t ive  is t o  
provide  de tec t ion ,  c lass i f ica t ion ,  and  ear ly  warn ing  of air ,  surface,  and 
subsurface Lreats. An endurance  of 7 to   10  days  without   replenishment  
w i l l  p rovide   unrefue led   t rans-At lan t ic   escor t   miss ion   capabi l i ty .   In-  
f l ight  refuel ing and replenishment  f rom surface ships  i s  a l s o  p o s s i b l e  f o r  
extended missions.  The LTA veh ic l e  has  a l imi t ed  onboard  capab i l i t y  fo r  
self-defense,  and w i l l  r e l y  p r i m a r i l y  on o t h e r  a i r  and  sur face  uni t s  for  pro-  
t e c t i o n  a g a i n s t  a i r / s u r f a c e  t h r e a t s .  S i m i l a r l y ,  a limited  onboard  capa- 
b i l i t y  i s  ava i l ab le  to  loca l i ze  and  a t t ack  c lose - in  ASW t a r g e t s ;  however, 
i t  w i l l  r e l y  p r i m a r i l y  on o t h e r  a i r  ASW v e h i c l e s  f o r  p r o s e c u t i o n  of i ts  
sur face  and  subsur face  de tec t ions .  The pr imary  acous t ic  sensor  i s  an 
advanced,   thin  l ine,  tactical  a r ray .   Spr in t -and-dr i f t  tactics t h a t   e x p l o i t  
t he  LTA veh ic l e ' s  speed  capab i l i t y  pe rmi t  a high percentage of search  time 
while  maintaining the convoy speed of advance. 
Generalized Parametric Analysis  Resul ts  
Vehicle concepts ranging from approximately 42,500 cubic  meters 
(1.5 mi l l i on  cub ic  f ee t ,  MCF) t o  ove r  1 .133  mi l l i on  cub ic  meters, MCM 
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(40  MCF) were e v a l u a t e d  i n  t h e  p a r a m e t r i c  s t u d y .  F i g u r e  1 9  i l l u s t r a t e s  
concepts  over  this  s tudy range as compared wi th  the  Akron s i z e  a i r s h i p  
(0 .21  MCM, 7.4 MCF) and t h e  most r ecen t  Navy non- r ig id  a i r sh ip  the  ZPG-3W 
-(41,300 cu m, 1.5 MCF). 
A technology assessment and design option evaluation was  conducted 
for  genera l ized  endurance  miss ion  appl ica t ions .  This  inc luded  cons idera-  
t i o n  of propuls ion system cycle ,  s tern propuls ion,  active cont ro ls  tech-  
nology, vectored thrust/ low speed dynamics and control,  towing performance 
and c o n t r o l ,  s t r u c t u r e s  a n d  materials, and aerodynamically augmented flight. 
Two s ign i f i can t  des ign  op t ions  are the  optimum f i n e n e s s  r a t i o  f o r  t h e  f o u r  
d i f f e ren t  cons t ruc t ion  concep t s  and the optimum value of 8 .  
The optimum l e n g t h  t o  d i a m e t e r  r a t i o  was found t o  depend on v e h i c l e  
s t ruc tu ra l  concep t .  The sandwich monocoque optimized at the lowest  value 
allowed during the study of  3.5, t he  non- r ig id  a i r sh ip  a t  4.75, t h e  
p r e s s u r i z e d  m e t a l c l a d  a i r s h i p  a t  5.2 ,  and t h e  r i g i d  a i r s h i p  a t  7.0. The 
optimum f i n e n e s s  r a t i o s  r e s u l t e d  from the interaction between aerodynamic 
d rag  and  s t ruc tu ra l  we igh t  f r ac t ion .  These values are v a l i d  f o r  v e h i c l e s  
i n  the  0 .283  to  0.425 MCM (10 t o  1 5  MCF) volume range. NASA Phase I 
resu l t s  (Reference  1) i n d i c a t e  a f i n e n e s s  r a t i o  dependency on gross weight.  
For  expediency,  these  values were used  during  this   s tudy.  The comparison 
o f  t he  s t ruc tu ra l  we igh t  f r ac t ions  o f  t he  fou r  d i f f e ren t  cons t ruc t ion  con- 
cep t s  a t  t h e  optimum f i n e n e s s  r a t i o  i s  shown i n  F i g u r e  20. 
Aerodynamically  augmented f l i g h t  ( v e r t i c a l  t a k e o f f  c a p a b l e )  can in- 
crease the performance (time on s t a t i o n )  of a cons tan t  volume veh ic l e .  
The optimum f3 i s  mission dependent and depends upon t h e  m a x i m u m  design 
miss ion  ve loc i ty ,  the  rad ius  of  ac t ion ,  the  minimum a l lowab le  lo i t e r  speed ,  
t h e  s p e e d  p r o f i l e  a s s o c i a t e d  w i t h  the on-s ta t ion  time, a n d  t h e  t r a n s i t  
ve loc i ty .  In  gene ra l ,  8 which w i l l  maximize  on s ta t ion  endurance  is i n  
the range of 0.85 t o  0.9 for  the  vehic le  conf igura t ions  and  miss ions  in-  
ves t iga t ed  du r ing  th i s  s tudy .  
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Figure 20. S t r u c t u r a l   E f f i c i e n c y  Comparison 
As a r e s u l t  of the combined mission/ technology analysis ,  two po in t  
des ign  conf ig rua t ions  were  se l ec t ed  fo r  fu r the r  ana lys i s :  The f i r s t  is a 
311,500 cubic meter, (11  MCF) r i g i d  a i r s h i p  ( F i g u r e  21) using modem 
design  techniques  and  subsystems.  This  design  can  perform  the  entire 
spectrum of specified missions independent from other than home base  
support .  The second is a 42,480 cu m (1.5 MCF), hover-capable,  non-rigid 
a i r sh ip  (F igu re  22) capable of performing some less demanding missions (such 
as coastal  survei l lance and defense)  indepen.dent ly  and the convoy e s c o r t  
mission i f  supported by su r face  ves se l s .  
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t- - "" "- 832 .0  FT ( 2 5 3 . 6 m )  
DESIGN CHARACTERISTICS 
HULL  VOLUME 1 1 . 2  MCF (0.317 hlChl) 
HELIUM  VOLUME 10.53 MCF (0.298 hlCM) 
DESIGN SPEED 80 KNOTS (41 M/S) 
PROPULSION : 
CRUISE - VECTORABLE  TURBOSHAFT 
4 @ 1 3 4 0  HP/ENGINE 
LOITER - FIXED PROPELLER DEISELS 
2 @ 3 2 5  IIP/ENGINE 
WEIGHT 
GROSS  WEIGHT (5000' DESIGN ALT) 
EMPTY  WEIGHT (VEHICLE) 
MISSION/CRE\V  SYSTEMS  WEIGHTS 
AIRPLANE COMPARTMENT 5,860' (2658)  
CREW QUARTERS (36 MAN) 12 ,190  (5529)  
ASW COMPARTMENT & EQUIPMENT 4,180 (1896) 
REPAIR FACILITIES 
OPERATING  WEIGHT  EMPTY 
USEFUL LOAD 
PAYLOAD (SOSUS) 
FUEL, OIL AND CONSUMABLES 
PERFORMANCE 
WT-LBS (KG) 
562 I 500 (255150)  
2 5 3 , 4 0 0  (114942) 
2 4 , 9 0 0  (11295) 
278,300 (126237)  
284,100 (128868)  
7 2 , 5 0 0  (3288G)  
211,600 (95982)  
AIRSPEED 
75 
30 
FUEL RATE 
1680 LBS/HR (762  KG/HR) 
128 LBS/HR ( 5 8  KG/HR) 
- 4 6 -  
3 .4  
1 4 1 . 5 " - - ~  
182.2" 
4-+ 
" 2 6 4 . 5 '  -. 
\ L 1 0 0 . 0 " 1  t 
p-ll2.o""--cl 2 . 2 O  
I" 93.5""---c1 
DESIGN  CHARACTERISTICS 
HULL VOLUME 1 . 4 9  MCF (42197h13)  
DESIGN  SPEED 90 MOTS (46 M/S) 
PROPULS  ION 
MAIN PROPULSION 2 AVCO LTClK TURBOPROPS 
CROSS  HAFTED ON T I L T  WING 
STERN  PROPULSION 
2 A L L I S O N   C 2 5 0 - 2 0 B  TURBOSHAFTS 
"V" RUDDER DEFLECTED  SLIPSTREAM 
WEIGHTS LBS (KG) 
GROSS WEIGHT ( 6 = 0.86)  96500 (43772) 
OPERATING WEIGHT EMPTY 51100 (23178) 
PAYLOAD + CREW 24340 (11040) 
FUEL & OIL 21060 (9553) 
PERFORMANCE 
ENDURANCE @ V 3 30 KTS 88 IIOURS 
Figure 22. Hover Capable Non-Rigid Airsh ip  
-4 7- 
Miss ion  Spec i f ic  Resul t s  
T r a i l  Mission 
Ninety-f ive percent  of  the time on s t a t i o n  of  the trail mission pro- 
f i l e  is at low a l t i t u d e  a n d  l o i t e r  s p e e d .  Five percent  of  the  time on 
s t a t i o n  is spen t  a t  the  maximum (dash) speed a t  1524 m (5000 f e e t )  a l t i t u d e .  
The per formance  range  of  in te res t  inc ludes  TOS from 10 t o  30 d a y s ,  r a d i i  
of  act ion (ROA) from 1853 to  4632 km (1000 t o  2500 nau t i ca l  mi l e s )  and  
dash  speeds  from  38.6 t o  64.35 m / s  (75  knots  to  125  knots ) .  The trail 
mission payload is  20,400 kg (45,000 l b s )  which includes a 20 man crew. 
Representa t ive  per formance  capabi l i t i es  of  neut ra l ly  buoyant  r ig id  
a i r s h i p s  are shown i n  Figure 2 3  i n  terms of TOS as a funct ion of  ROA, 
cru ise  speed  and  vehic le  volume. T ime  on s t a t i o n  i s  r e l a t i v e l y  i n s e n s i t i v e  
to  r ad ius  o f  ac t ion  fo r  l a rge  volume vehic les  (grea te r  than  0 .2  MCM, 7.0 
MCF) bu t  is  h i g h l y  s e n s i t i v e  t o  t h e  d e s i g n  dash speed even though only 5% 
of the mission t i m e  i s  spen t  i n  dash .  
Figure 24 compares the performance of the four different construction 
concepts  in  terms of  time on s t a t i o n  versus h u l l  volume. I n  t h e  0.142 MCM 
t o  0.283 MCM (5  to  10  MCF) range,  the r igid,  non-r igid and metalclad con- 
cepts are approximately  competitive. The f i g u r e  i n d i c a t e s  t h a t  t h e  minimum 
s i z e  v e h i c l e  f o r  a 30-day on s t a t i o n  c a p a b i l i t y  w i l l  be achieved by the 
r ig id  type  o f  cons t ruc t ion .  Conven t iona l  r i g id  a i r sh ips  in  th i s  volume 
range are a near  term, low r i sk  ex tens ion  o f  t he  conven t iona l  r i g id  a i r sh ip  
s ta te -of - the-ar t .  
SOSUS Augmentation Mission 
~ . .  
Three operational concepts were cons ide red  fo r  t h i s  mi s s ion :  1) t he  
a i r sh ip  deploys  an off-board array and monitors via a d a t a  l i n k ,  2 )  t h e  
a i r s h i p  tows  an  advanced t h i n  l i n e  a r r a y  a t  low speed, and 3) t h e  a i r s h i p  
deploys a powered sea s l e d  which provides  the array tension force.  
Array drag is s igni f icant  (approximate ly  20 times the  a i r sh ip  d rag  
f o r  low speed  tow).  Figure  25  summarizes TOS vs ROA fo r  t he  concep tua l  
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Figure 23. Trail  Mission  Parametric Performance Results 
(Neutrally Buoyant Rigid) 
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24. Trail  Mission  Parametric Performance Results 
(Construction Concepts) 
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large rigid vehicle i n  the tow  and off-board modes. In the tow mode of 
operation, TOS capabil i t ies  of  from 15 t o  22 days, depending on ROA, can 
be achieved. In the off-board mode of operations TOS of 20 t o  30 days 
can be achieved depending on ROA. 
11.2 MCF R I G I D  TOWING THIN-LINE  SURVEILLANCE ARRAY 
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Figure  25. TOS Versus ROA for 11 MCF Rigid Airship 
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The SOSUS augmentation or open ocean surveil lance mission concept is 
a promising airship mission.  Vehicles  on the order  of  200,000 t o  317,000 
cu m ( 7  t o  11 MCF) which are nea r  term, low r i sk  a i r sh ip  concepts  can  
provide  2 t o  3  weeks o n - s t a t i o n  c a p a b i l i t y  i n  a tow  mode. The TOS can be  
inc reased  o r  veh ic l e  s i ze  r educed  via t h e  use of  off-board array operat ional  
concepts. The t rades  between the tow mode, off-board array and s led 
operat ional  approaches needs fur ther  examinat ion,  including an assessment 
of  securi ty  f rom jamming, a r r a y  l i n e a r i t y ,  and array performance i n  bo th  
the off-board and tow modes. Operational concepts which use mul t ip l e  
a r r a y s  t o  e n c h a n c e  l o c a l i z a t i o n  a n d  c l a s s i f i c a t i o n  o p e r a t i o n s  w a r r a n t  
f u r t h e r   i n v e s t i g a t i o n .  
ASW Barrier Mission 
Results obtained from an abbreviated analysis of a towed a r r a y  ASW 
b a r r i e r  o p e r a t i o n  i n d i c a t e  t h a t  f o r  v e h i c l e s  i n  t h e  0 . 2 8 3  t o  0 . 4 2 5  MCM 
(10 t o  15 MCF) s i ze  r ange ,  t he  "backup" f a c t o r  (number  of a i r s h i p s  re- 
qu i r ed  to  ma in ta in  one s t a t i o n  c o n t i n u o u s l y )  f o r  a 2500 n a u t i c a l  mile 
r ad ius  of a c t i o n  is  below 2 i n  a l l  cases. I f  towed a r r a y  d e t e c t i o n  
ranges on the order  of  463 Km (250 n mi) can be achieved, the number  of 
a i r s h i p  s t a t i o n s  r e q u i r e d  t o  mount a 1300 Km (700 n mi) ASW d e t e c t i o n  
b a r r i e r  w i l l  be  l e s s  t han  2. 
Convoy Escor t  
Any v e h i c l e  s i z e d  f o r  t h e  trail mission,  the SOSUS augmentation 
miss ion  or  the  ASW b a r r i e r  m i s s i o n  w i l l  be  su f f i cen t  t o  conduc t  t he  in -  
dependent convoy escor t  opera t ions .  Subs tan t ia l  excess  payload  or  per-  
formance capabili ty would b e  a v a i l a b l e  from t h e  v e h i c l e  s i z e s  on t h e  
order of 0.317 MCM (11 MCF) which are r e q u i r e d  f o r  t h e  t ra i l  and SOSUS 
missions. 
An alternate operat ional  approach to  the convoy escor t  miss ion  
u t i l i z i n g  a t  sea replenishment can substantially reduce the vehicle 
s ize  requred .  Vehic les  the  s ize  of  the  last Navy non-r ig id  a i r sh ip ,  
t h e  ZPG-3W can perform the convoy escor t  miss ion  u t i l i z ing  advanced  
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t h i n  l i n e  towed a r r a y s  i n  a s p r i n t / d r i f t  o p e r a t i o n a l  mode. Refuel and 
replenishment from surface vessels on a one t o  two day cyc le  i s  s u f f i c i e n t  
depending on mission specifics.  An a d d i t i o n a l  o p e r a t i o n a l  c a p a b i l i t y  
cou ld  be  r ea l i zed  by u t i l i z i n g  t h e  same veh ic l e ,  r econf igu red  fo r  air- 
b o r n e  e a r l y  w a r n i n g  a n d / o r  s u f a c e  s u r v e i l l a n c e  t o  p e r f c r m  AEW/SS oper- 
a t i o n s  as w e l l  as over  the  hor izon  command, control and communications 
and   ta rge t ing .  Several opera t iona l / tac t ica l   approaches   appear   p romis ing  
f o r  e i t h e r  small v e h i c l e s  o r  l a r g e  v e h i c l e s  i n  convoy e sco r t  mi s s ions .  
Overall Mission/Vehicle Conclusions 
The ove ra l l  pa rame t r i c  ana lys i s  conc lus ions  ind ica t e  tha t  veh ic l e  
sizes of approximately 0.317 MCM cu m (11 MCF) can s a t i s f y  t h e  m i s s i o n  
requi rements  for  a l l  four  miss ions  as d e f i n e d  f o r  t h i s  s t u d y .  Twenty 
t o  t h i r t y  day t imes-on-station are achievable  wi th  cur ren t  technology 
r i z i d  a i r s h i p s  which are n e a r  term, low r i s k  v e h i c l e s .  A i r s h i p  a p p l i c -  
a t i o n s  u t i l i z i n g  towed a r r ay  senso r s  r ep resen t  a unique accommodation 
of  sensor  requirements  and platform capabi l i t ies .  
The meta lc lad ,  r ig id  and  non-r ig id  cons t ruc t ion  concepts  are a l l  
compe t i t i ve  in  the  r ange  from 0.141 to  0 .317  MCM (5 t o  11 MCF) f o r  t h e  
long   endurance   miss ions   inves t iga ted .   In   genera l ,   the   r ig id   concept  
r e s u l t s  i n  t h e  minimum volume requ i r ed  to  ach ieve  a s p e c i f i e d  time-on- 
s t a t i o n .  A design speed of 38.6 m / s  (75  knots )  and  an  a l t i tude  of 1524 m 
(5000 f e e t )  can s a t i s f y  a l l  miss ion  requi rements  spec i f ied  for  the  four  
missions.   Higher  speeds up t o  51.9 m / s  (100  knots)  can  be  achieved  with 
modes t  pena l t i e s  i n  veh ic l e  empty weight and propulsion system require-.  
ments. The penal ty  in  on-s ta t ion  per formance  assoc ia ted  wi th  the  h igher  
s p e e d  c a p a b i l i t y  r e s u l t s  p r i m a r i l y  from the  dura t ion  of  the  miss ion  time 
spent  a t  the high speed as opposed t o  t h e  a c t u a l  d e s i g n  c a p a b i l i t y .  
Improvements i n  v e h i c l e  empty weight due t o  modem materials and propulsion 
t echno logy  a l low h ighe r  pay loads  o r  a l t i t udes  to  be  ach ieved  fo r  a given 
volume. 
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The r a t i o  o f  o n - s t a t i o n  t i m e  t o  mis s ion  time f o r  t h e  a i r s h i p s  
ope ra t ing  in  the  concep tua l  mi s s ions  is  high;  70% t o  90% depending on 
the  r ad ius  o f  ac t ion .  Thus, a high percentage of t h e  t o t a l  y e a r l y  
u t i l i z a t i o n  w i l l  be  spen t  on s t a t i o n .  An impor t an t  cha rac t e r i s t i c  o f  
long endurance LTA v e h i c l e s  i s  t h e  low ( l e s s  t h a n  2) backup f a c t o r  
r equ i r ed  to  ma in ta in  a s t a t i o n .  
Operat ional  Considerat ions 
P r i o r  a i r s h i p s  were o p e r a t i o n a l l y  i n f e r i o r  t o  the c a p a b i l i t i e s  of 
p o t e n t i a l  modem LTA veh ic l e s .  Two areas of  opera t iona l  def ic iency  were 
dash  speed  and  low  speed  control.  Current  technology  provides  the 
c a p a b i l i t y   t o   l a r g e l y  overcome these   def ic ienc ies .   L ightweight   gas  
turbines  a l low higher  dash and cruise speed  capab i l i t y  at l o w e r  i n s t a l l e d  
propuls ion  system  weight   f ract ions.  Modem V/STOL technology,   including 
advanced  au tomat ic  f l igh t  cont ro l  sys tems,  provide  the  capabi l i ty  for  
fu l ly  hover  capable ,  low speed  con t ro l l ab le ,  VTOL capable  LTA veh ic l e s .  
Precise low speed and hover  control  resul ts  in  improved ground handl ing 
operations and expands the mission applicabili ty of modem Naval LTA 
veh ic l e s .  
Ground H a n d l a  -__ 
During the late 1950's ,  the  U. S.  N a v y  developed  mechanized  ground 
handling  equipment  and  mooring  techniques  for  the ZPG-3W airships .  Landing 
and mooring of t he  ZPG-3W requi red  only  10 t o  18 pe r sonne l  i n  the  g round  
crew. Docking  and  undocking were performed with 11 t o  12 men; takeoff  
required approximately the same number. The mooring  and  ground  handling 
equipment techniques developed for the 3W a i r s h i p  are a p p l i c a b l e  t o  t h e  
l a r g e r  a i r s h i p s  c o n s i d e r e d  f o r  f u t u r e  n a v a l  m i s s i o n s .  
Weather 
No v e h i c l e  is  t r u l y  an all-weather v e h i c l e  i n  t h a t  i t  can  e f f ec t ive ly  
perform i ts  a s s i g n e d  m i s s i o n  i n  any weather  condi t ion (except  possibly a 
submarine). However, many v e h i c l e s  can su rv ive  severe weather   condi t ions 
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and resume o p e r a t i o n s  a f t e r  the weather has passed; modem airships would 
. be  such  vehic les .  
I n  1954,  the Off ice  of  Naval Research assigned to  the  Naval Air Develop- 
ment Unit  a t  South Weymouth, Mass., conducted a pro jec t  t o  demons t r a t e  t he  
a l l -weather  capabi l i ty  of  the  a i r sh ip .  Technica l  gu idance  and  ins t ru-  
menation were furn ished  by the Nat ional  Advisory Committee f o r  Aero- 
n a u t i c s .  The c o n c l u s i o n s  o f  t h e  o f f i c i a l  Navy repor t   (Reference   12)  on t h e  
pro jec t  inc luded  the  fo l lowing:  
1 1  AirshIp ground handl ing evolut ions can be accomplished i n  
v i r t u a l l y  a l l  weather condi t ions."  
"Routine ground maintenance can be accomplished under 
extremely adverse weather  condi t ions.  
" R i m e  ice  a c c r e t i o n  a t  no rma l  a i r sh ip  ope ra t ing  a l t i t udes  
i s  not  considered a d e t e r r e n t  to prope r  s t a t ion  keep ing  
fo r   p ro t r ac t ed   pe r iods   o f  time . I 1  
"Maintaining a con t inuous  ba r r i e r  s t a t ion  ove r  t he  Atlantic 
Ocean appears  to  be  feas ib le  under  a l l  weather condit5ons." 
Wind 
Wind i s  an  impor tan t  weather  e lement  in  a i r sh ip  opera t ions .  However, 
while  high winds in  themselves  are n o  t h r e a t  t o  t h e  s t r u c t u r a l  s a f e t y  o f  
a n  a i r s h i p  i n  f l i g h t ,  h i s t o r i c a l l y  t h e  low a i r speed  necess i t a t ed  tha t  h igh  
head winds be avoided by f lying the pressure pat terns .  Higher  speed 
c a p a b i l i t y  of modem Naval LTA v e h i c l e s  w i l l  al low them t o  remain opera- 
t i o n a l  at h ighe r  wind speeds. 
S igni f icant  progress  in  forecas t ing  genera l  and  loca l  meteGrologica1  
condi t ions  has  been  rea l ized  s ince  the  last r i g i d  a i r s h i p s  were flown. The 
advent of weather sa te l l i tes ,  onboard radar,  improved navigation, and 
improved communlcations w i l l  r e s u l t  i n  s a f e t y  b e n e f i t s  and improved 
o p e r a t i o n a l  c a p a b i l i t y .  
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Vulnerabi l i ty  
Any d i scuss ion  o f  t he  use  o f  a i r sh ips  in  mi l i t a ry  ope ra t ions  must 
address   the  quest ion  of   the  vulnerabi l i ty   of   these  large  vehicles .   This  
has always been a foremost argument against  the mili tary u s e  of a i r s h i p s ,  
bo th  r ig id  and  non- r ig id .  A l though  the  mi l i t a ry  r ig id  a i r sh ip  evo lved  
during World War I as a bombing p la t form des igned  to  opera te  aga ins t  for -  
midable opposit ion,  i t  d i d  n o t  p r o v e  t o  b e  e f f e c t i v e  i n  t h i s  r o l e  a n d  h a s  
never  s ince  been  cons idered  ser ious ly  as a combat vehicle .  Current  
technology has  not  reversed this  decis ion but  has  contr ibuted to  the 
improvement i n  e x p e c t e d  s u r v i v a b i l i t y  when t h e  a i r s h i p  i s  used i n  military 
ro les  such  as the  sea cont ro l  miss ions .  
From a technica l  aspec t  the  la rge  r ig id  a i r sh ip  could  probably  
s u s t a i n  h i t s ,  from a number of  a i r - to-a i r  missiles o r  su r face - to -a i r  
missiles wi thout  se r ious  consequences .  In  th i s  respec t  i t  is much more 
survivable  than a C-SA, f o r  example, where a s i n g l e  missile h i t  would 
normally be catastrophic .  Furthermore,  the airship can be equipped with 
a very   c red ib le   se l f -defense   capabi l i ty .   This   could   cons is t   o f   ear ly  
warning and f i r e  c o n t r o l  r a d a r ,  anti-air and  an t i -miss i le  missiles o r  o t h e r  
advanced weapon systems, ESM equipment and a v a r i e t y  of e lec t ronic  counter -  
measu res  su i t ab le  to  the  th rea t .  
I n  s p i t e  of t h i s  c a p a b i l i t y  t o  s u s t a i n  damage, t o  conduc t  i n f l i gh t  
repair and t o  p r o v i d e  f o r  i t s  own se l f -defense ,  p rudent  mi l i ta ry  opera t ion  
would n o t  p e r m i t  t h e  a f r s h i p  t o  b e  u s e d  i n  s i t u a t i o n s  t h a t  were beyond its 
l imi t ed  combat capab i l i t i e s .   I n   sho r t ,   t he   answer   t o   ach iev ing   accep tab le  
levels o f  s u r v i v a b i l i t y  l ies i n  employ ing  the  a i r sh ip  in  mis s ions  fo r  which 
i t  is  p a r t i c u l a r l y  s u i t e d ,  a n d  i n  tactical  environments for which i t  has been 
designed. A preliminary  examination  (classified)  of  the  self-defense  capa- 
b i l i t y  o f  LTA's using an advanced weapon system was performed by the Northrop 
Research  and  Technology  Center. The r e s u l t s  are encouraging  and  could 
expand the p o t e n t i a l  tactical environments for modem Naval a i r s h i p s .  
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Conclusions 
The  Navy Mission Feasibi l i ty  Study concluded that :  (1)  LTA v e h i c l e  
s izes  of  approximately 311,500 mil l ion cu meters (11 MCF) can s a t i s f y  a l l  
spec i f ied  miss ion  requi rements ;  (2)  20 t o  30 days t ime-on-station is  
achievable;   (3) three cons t ruc t ion   concepts  -- r igid,   non-r igid,   and 
metz lc lad  -- are general ly  competi t ive;  (4)  design speeds of  39 m / s  
(75 knots)  and a l t i t u d e s  of  1524 m (5000 f e e t )  can s a t i s f y  a l l  s p e c i f i e d  
miss ion  requi rements ;  and  (5)  h igher  speeds  and  a l t i tudes  to  4572 m 
(15,000 f e e t )  are f e a s i b l e  b u t  would r equ i r e  l a rge r  veh ic l e s .  R ig id  
a i r s h i p s  i n  t h e  r e q u i r e d  volume range are low r i sk  ex tens ions  of  pre-  
vious LTA vehic les .   Smal l   (non-r ig id)   a i r sh ips  may a l s o  s a t i s f y  less 
demanding missions such as sh ip  suppor ted  convoy e s c o r t .  
The pr imary  sensors  for  a l l  miss ions  tend  to  be  items e i t h e r  towed 
or  deployed,  expended or  re t r ieved by t h e  LTA platform.  One s i p i f i c a n t  
advantage of using an a i r s h i p  as a tow p la t form is  v i r t u a l  e l i m i n a t i o n  
of propagation of tow p l a t f o r m  n o i s e  i n t o  t h e  medium. The a i r s h i p  a l s o  
appea r s  t o  be  an idea l  p la t form for  the  car r iage ,  deployment ,  moni tor ing ,  
and recovery of off-board arrays and for R P V  launch and recovery operations. 
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